








Fluoroquinolone-
Resistant Typhoid,
South Africa

To the Editor: Salmonella enteri-
ca serotype Typhi, the causal pathogen
for typhoid, is a major public health
hazard in many parts of the world,
with an estimated 21.6 million cases of
typhoid and 217,000 deaths occurring
each year (1). Most isolates in South
Africa are susceptible to quinolones,
and fluoroquinolones remain the treat-
ment of choice (2). The disease is pri-
marily water or foodborne, but person-
to-person spread is well recognized
(3). Travelers to disease-endemic re-
gions may be at risk for typhoid, which
may result in the importation of strains
of S. Typhi with unfamiliar or unusual
resistance patterns (4). Such infections
present a challenge to local clinicians
on optimal patient management.

S. Typhi was isolated from the
blood culture of a woman 65 years of
age from Cape Town; she had been in
contact with a traveler to Bangladesh.
The patient was treated first with cip-
rofloxacin, but this medication was
changed to high-dose ceftriaxone com-
bined with doxycycline for 8 days; she
recovered well. Contact tracing indi-
cated no family members had typhoid
fever or carried the organism. The per-
son who had traveled to Bangladesh
was unavailable to provide further
history or a stool specimen. No other
potential source of infection could be
elucidated: the patient lived in an ur-
ban area with safe water sources and
shared meals with her family.

The isolate was referred to the
Enteric Diseases Reference Unit for
confirmation of identification, sero-
typing (Kauffman-White scheme),
and antimicrobial drug susceptibility
testing using the Etest (bioMérieux,
Marcy I’Etoile, France) and agar dilu-
tion methods, according to criteria of
the Clinical and Laboratory Standards
Institute (Wayne, PA, USA) (www.
clsi.org). The isolate was resistant to
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ampicillin, chloramphenicol, sulfame-
thoxazole, nalidixic acid, and cipro-
floxacin, but susceptible to ceftriaxone
and tetracycline.

Pulsed-field gel electrophoresis
(PFGE) analysis was performed on
the isolate, following the standard
PulseNet protocol (5). The PFGE pat-
tern was compared with a database of
S. Typhi PFGE patterns from South
Africa by using BioNumerics ver-
sion 6.01 software (Applied Maths,
Sint-Martens-Latem, Belgium). The
PFGE pattern of this isolate was 100%
identical to pattern JPPX01.0026 in
the Global PulseNet Salmonella Typhi
Database. This pattern, which has been
reported to PulseNet from India, Ke-
nya, Tanzania, and Taiwan, is the most
common pattern in the database (www.
pulsenetinternational.org/projects/
styphidatabase.asp); it is rarely seen in
South Africa (Figure).

PCR was used to isolate the qui-
nolone resistance-determining region
(QRDR) of gyrA, gyrB, parC, and
parE (6). Genes were sequenced by
using the BigDye Terminator Cycle
Sequencing Kit (Applied Biosystems,
Foster City, CA, USA) and an Applied
Biosystems 3130 genetic analyzer. The
QRDR DNA sequences were com-
pared with those of S. Typhi strain Ty2
(GenBank accession no. AE014613).
PCR also used to confirm the presence
of gnrA, gnrB, and gnrS genes (6).
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Analysis for mutations in the QRDR
of gyrA, gyrB, parC, and par found a
single amino-acid mutation (Ser83 to
Tyr) in gyrA. No amino acid mutations
were identified in gyrB, parC, and
parE. PCR for detection of gnr genes
confirmed the presence of a qnrS gene,
which was identified as the qnrS1 vari-
ant by nucleotide sequence analysis.

The efflux of quinolones from
bacterial cells was investigated in
the following manner. For nalidixic
acid and ciprofloxacin, agar dilution
MIC testing was performed in the ab-
sence and presence of 40 ug/mL of
the efflux pump inhibitor, Phe-Arg-
B-naphthylamide (6). In the presence
of efflux pump inhibitor, the MIC to
ciprofloxacin decreased from 4 pg/mL
to 1 pg/mL, and the MIC to nalidixic
acid decreased from >512 pg/mL to
32 ug/mL, establishing the involve-
ment of an efflux pump in conferring
quinolone resistance.

The mutation in gyrA (Ser83 to
Tyr) confers reduced susceptibility
to ciprofloxacin to a maximum MIC
~0.5 ng/mL (7) and the QnrS1 protein
confers reduced susceptibility to cip-
rofloxacin to a maximum MIC =0.5
pg/mL (8). We showed that a single
amino acid mutation in gyrA (Ser83 to
Tyr) with the QnrS1 protein and active
efflux, conferred ciprofloxacin resis-
tance, at least to an MIC level of 4 ug/
mL. Previously, Smith et al. reported

Figure. Dendrogram of pulsed-field gel electrophoresis patterns representative of the 15
largest clusters of Salmonella enterica serotype Typhi isolates identified in South Africa
during 2005-2009. The pattern of isolate 372460 is indicated. Scale bar represents

percentage similarity of pathogens.
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quinolone resistance in South African
isolates of S. Typhi mediated by muta-
tions in gyrA and parC in combination
with active efflux (6). We report qnrS1
from S. Typhi, confirming the role of
plasmid-mediated fluoroquinolone re-
sistance in S. Typhi (9) and a fluoro-
quinolone-resistant strain in South
Africa. Fluoroquinolone resistance is
well recognized in Bangladesh; other
researchers have described multidrug-
resistant S. Typhi isolates imported
from that country (10). Molecular
epidemiology supports the conclusion
that this strain likely originated in Ban-
gladesh (L. Theobald, pers.comm.).

In conclusion, fluoroquinolone-
resistant typhoid fever is a reality in
South Africa in patients who have a
history of travel or contact with travel-
ers. Blood cultures are mandatory to
guide antimicrobial drug management.
Plasmid-mediated fluoroquinolone re-
sistance has implications for cotrans-
ference of resistance to the major anti-
microbial agents used to treat typhoid
fever and for the potential for rapid
spread of fluoroquinolone resistance
through S. Typhi strains in South Af-
rica. The presence of fluoroquinolone-
resistant typhoid fever could force a
change in current treatment guidelines
for this disease.
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Sorbitol-fermenting
Escherichia coli
0157, Scotland

To the Editor: Verotoxin-pro-
ducing Escherichia coli (VTEC) of
serogroup O157 causes severe gas-
trointestinal and renal illness; clinical
signs may be mild diarrhea, hemor-
rhagic colitis, or hemolytic uremic
syndrome (HUS). Typically, 10%—
15% of reported VTEC infections
quickly progress to HUS (1). Sorb-
itol-fermenting (SF)-O157 strains
have emerged in continental Europe
(2,3). Some evidence suggests that
SF-O157 is more frequently associ-
ated with HUS than are non-sorbitol—
fermenting strains (3-6). SF-O157
shows increased adherence to colonic
epithelial cells and may in turn cause
a more potent inflammatory host re-
sponse, resulting in a higher risk
for HUS (4). The potentially greater
virulence of SF-O157 requires ur-
gent identification of its reservoir(s)
and vehicle(s) of infection, as well as
determination of genetic or other pre-
disposing factors for infection with
this strain. To understand whether the
host pathophysiologic responses to
SF-O157 and non—SF-O157 strains
differ, we analyzed a cohort of chil-
dren with HUS who were infected
with E. coli O157.

During April and May 2006,
Health Protection Scotland (HPS)
identified 18 cases of verotoxin-pro-
ducing SF-O157 infection in Scot-
land, 13 of which were associated
with a nursery. HUS developed in 8§ of
the 18 patients; those with thrombotic
microangiopathy were admitted to the
renal unit of a specialist pediatric hos-
pital, which immediately reports cases
of HUS to HPS as part of national
surveillance (7). To test the hypoth-
esis that SF-O157 was more virulent
than non—SF-O157, we performed an
age-matched, nested case—case study
of HUS case-patients and analyzed
host clinical markers, treatment, and

outcomes from SF-O157 and non—
SF-O157 cases in 2006. Clinical ques-
tionnaires, patient information sheets,
and consent forms were completed by
clinicians for each case-patient and re-
turned to HPS; data were entered into
a database in Epi Info version 6 (Cen-
ters for Disease Control and Preven-
tion, Atlanta, GA, USA).

Statistical analysis by t test
showed that nadirs for serum albumin
were significantly higher for children
with SF-O157 HUS (p = 0.03; Table)
than for children with non—SF-O157
HUS and that children with SF-O157
HUS had significantly more sessions
of hemodialysis than did children with
non—SF-O157 HUS (p = 0.01; Table).
All case-patients were oligoanuric; the
2 groups did not differ with respect to
this parameter. Initial signs and symp-
toms were similar for both sets of pa-
tients, i.e., classic VTEC symptoms of
bloody diarrhea and abdominal pain.
This finding is in acccordance with
those of other studies of SF-O157
outbreaks, which also noted signs and
symptoms compatible with VTEC-
associated gastroenteritis (5,6).
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Our study highlights a number of
lessons. Medical practitioners rarely
have the opportunity to recognize pa-
tients at such an appreciable and pre-
dictable risk of progressing rapidly to
anuric renal failure as they do when
they see children with early O157 in-
fection. Failure to appreciate the po-
tential gravity of O157 infection and
the possible development of HUS may
result in avoidable illness and even
death. Our investigation of the pre-
hospital management of SF-O157 and
non—SF-O157 in this cohort found no
difference in pharmacologic interven-
tion or duration of delay in admission
to hospital.

Our study has limitations. A num-
ber of patients in the cohort were pre-
scribed antimicrobial drugs and/or
antimotility drugs or were sent home
from the local hospital without hospi-
tal admission or further monitoring;
such actions potentially exacerbate
clinical outcomes (1,8). We recog-
nize that comparison of the SF-O157
outbreak strain with non—SF-O157
strains (some of which caused sporad-
ic cases) may be a potential confound-

Table. Characteristics of patients infected with non—-SF-O157 versus SF-O157

Escherichia coli, Scotland, 2006*

SF-0157, Non-SF-0157,
Characteristic n=8 n=19 p value
Age, y + SEM 54+1.4 51+0.9
Sign or symptom, no. (%) patients
Diarrhea 8 19
Bloody diarrhea 6 (75) 14 (74) 0.79
Abdominal pain 6 (75) 13 (68) 0.13
Fever 1(12) 4 (21) 0.73
Neurologic involvement 2 (25) 4 (21) 0.82
Clinical parameter, mean + SEM
Anuria, d 11.7+27 79+14 0.20
Leukocyte count, x10°/L 26.4+2.1 36.4 +10.1 0.34
C-reactive protein, mg/L 65.6 +27.1 93.4 +23.1 0.31
Serum albumin, g/L 324+7.0 23.2+1.0 0.03
Lactate dehydrogenase, IU/L 2,774 + 280 2,556 + 324 0.68
Hospital stay, d 17.9+3.7 16.1+2.9 0.71
Treatment, mean no. sessions + SEM
Peritoneal dialysis 134+23 74+19 0.07
Hemodialysis 20.5+3.5 9.3+1.3 0.01
Outcomes, 1y follow-up, no. n==6 n=19
Full recovery, no. patients 6 17
Clinical sequelae, no. patients 0 2t
*SF, sorbitol-fermenting.
11 with hypertension, 1 with abdominal pain/vomiting.
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ing factor in the analysis. However,
recently published work has indicated
no statistically significant differences
in the verotoxin proteins encoded by
SF-O157 or non—-SF-O157 strains or
in their level of toxicity (9). Other
virulence factors may contribute to in-
creased likelihood of HUS (4).

Our data suggest that infection
with SF-O157 results in less severe
colitis than does the more common
non—SF-O157 infection. Less severe
colitis could result in a lower risk for
renal disease because less verotoxin
would be translocated into the blood-
stream and bound to the kidneys.
However, patients infected with SF-
0157 had anuria for longer periods
and consequently had longer sessions
of peritoneal and hemodialysis. Al-
though unknown bacterial or host in-
flammatory cytokines may contribute
to enhanced disease progression, this
observation is surprising and requires
further investigation. Additional re-
search is needed to learn more about
the virulence of SF-O157 strains and
establish other host factors that con-
tribute to disease progression.
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Co-infection with

Dengue Virus and

Pandemic (H1N1)
2009 Virus

To the Editor: Dengue is a mos-
quito-borne viral infection caused by 4
related dengue viruses. Each of these
viruses is capable of causing classic
dengue fever or dengue hemorrhagic
fever (DHF), but may also cause non-
specific febrile illnesses. As a result,
dengue is often difficult to diagnose
clinically, especially because peak
dengue season often coincides with
that of other common febrile illnesses
in tropical regions (1). Concurrent out-
breaks of influenza and dengue have
been reported (2,3); this circumstance
often leads to delayed recognition of
the presence of one or other disease in
the community.

In April 2009, a new strain of in-
fluenza A virus known as pandemic
(HINT) 2009 virus was first detected
in the United States (4). Pandemic
(HINT) 2009 infections were first
detected in Puerto Rico in June 2009,
and 59 deaths caused by the virus have
been confirmed to date. This influenza
outbreak coincided with the typical
dengue season in Puerto Rico, which
led to diagnostic difficulties; both in-
fections disproportionately affected
young persons, who often had similar,
nonspecific symptoms.

We describe a case of laboratory-
confirmed co-infection of dengue virus
and pandemic (HIN1) 2009, and dis-
cuss the difficulties in distinguishing
the 2 illnesses clinically. A 33-year-old
woman (healthcare worker) in Ponce,
Puerto Rico, sought treatment at an
emergency department of a hospital
in the southern part of the island with
a 3-day history of febrile illness. Her
symptoms began with throat irritation
and earache; subsequently, cough,
fever, and headache developed. She
reported palpitations and generalized
malaise but no other symptoms. The
patient had no notable medical his-
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tory and denied taking any medicines
apart from over-the-counter antipyret-
ics. She reported recent exposure to
influenza at work and multiple recent
mosquito bites. On physical examina-
tion, she had a temperature of 37°C, a
heart rate of 91 bpm, and blood pres-
sure of 125/82 mm Hg. A tourniquet
test result was positive. Her pharynx
was erythematous without exudate,
and she had rhinorrhea. She had no
lymphadenopathy, rash, petechiae, or
purpura. Several small, red papules,
which the patient described as recent
mosquito bites, were on her legs. The
remainder of her examination showed
no unusual findings.

Laboratory studies showed a leu-
kocyte count of 5,300 cells/mm?® with
a normal differential count, hemat-
ocrit 35.2%, and thrombocyte count
01 239,000 cells/dL. Results of a chest
radiograph was unremarkable. A na-
sopharyngeal swab was positive for
influenza A virus by rapid test. Na-
sopharyngeal and serum samples were
sent to the Centers for Disease Con-
trol and Prevention (Dengue Branch)
for influenza and dengue testing. The
patient was diagnosed with suspected
pandemic (HINT1) 2009 infection and
prescribed oseltamivir for 5 days. She
returned for a follow-up visit 12 days
after the onset of symptoms. She re-
ported having 2 more days of fever
after her initial visit, but had no rash,
petechiae, bleeding, or progression
of respiratory symptoms. A second
serum specimen was obtained during
this visit.

The initial serum specimen was
positive for dengue virus by serotype-
specific, singleplex, real-time reverse
transcription—PCR (5). Her nasopha-
ryngeal specimen was positive by
PCR for pandemic (HIN1) 2009 in-
fluenza. The second, convalescent-
phase, serum specimen was negative
for dengue immunoglobulin (Ig) M
by IgM antibody—capture ELISA. The
acute-phase and convalescent-phase
samples were positive for IgG against
dengue by ELISA (6), which indicated
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a secondary dengue infection. IgG ti-
ters exceeded the limits of the test for
acute-phase and convalescent-phase
samples, showing unusually elevated
levels of IgG against dengue.

Distinguishing dengue and in-
fluenza by clinical features alone can
be difficult. In an investigation of
simultaneous dengue and influenza
A outbreaks in Puerto Rico in 1977,
similar percentages of persons with
confirmed dengue and confirmed in-
fluenza had classic dengue symptoms
(2). Hemorrhagic manifestations, like
those typically seen in DHF, have
been reported with influenza A in pri-
or outbreaks (7,8) and with pandemic
(HINT) 2009 (Centers for Disease
Control and Prevention, unpub. data).
Previous influenza A outbreaks were
initially believed to be outbreaks of
DHF until careful laboratory investi-
gation proved otherwise (8). Our pa-
tient did not have the typical signs and
symptoms of dengue (rash, eye pain,
thrombocytopenia, arthralgia, petechi-
ae, or bleeding) that would differenti-
ate her condition from that of patients
with other febrile illnesses. She did
have a positive tourniquet test result
and fever, which have been advocated
as screening criteria for dengue infec-
tion in children, at the time of initial
examination (9). Data for the specific-
ity and sensitivity of these criteria in
adults are sparse, however, and some
studies have shown a high incidence
of positive tourniquet test results in
patients with laboratory-confirmed in-
fluenza (7,8).

Our report demonstrates that co-
infection with dengue virus and pan-
demic (HINT1) 2009 can occur. Previ-
ous studies also have shown cases of
probable co-infection with seasonal
influenza and dengue (1,10), including
1 fatal case (1). Because many den-
gue-endemic countries are experienc-
ing pandemic (HIN1) 2009 outbreaks,
providers should consider the possi-
bility of viral co-infection, especially
in severe cases, and should consider
testing for both viruses.
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Bovine
Tuberculosis in
Buffaloes,
Southern Africa

To the Editor: Emergence of bo-
vine tuberculosis (TB) in wildlife in
southern Africa has implications not
only for the conservation of the wild-
life species affected (1) but also for
the health of humans and livestock
living at the wildlife-livestock—hu-
man interface (2). Bovine TB in South
Africa’s Kruger National Park was
first found in African buffaloes (Syn-
cerus caffer) in 1990 (3) and likely
entered the park by cattle-to-buffalo
transmission (4). Bovine TB infec-
tion has been spreading northward;
in 2003, infection was confirmed in a
buffalo #60 km south of the Limpopo
River. In 2005, a case was confirmed
only 6 km south of the river (D. Keet,
unpub. data). In 2008, we isolated
Mycobacterium bovis from African
buffaloes in Zimbabwe.

During October 9—13, 2008, a to-
tal of 38 buffaloes from 4 herds were
captured in Gonarezhou National
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Park (south of the Mabalauta area;
22.0553°S, 31.4265°E). Blood sam-
ples were collected, sampled buffaloes
were marked and released, and 3 adult
females in each herd were equipped
with radio collars. Buffalo tissue
samples were collected, packaged,
shipped, and handled at the Agricul-
tural Research Council-Onderstepoort
Veterinary Institute according to proce-
dures recommended for controlling the
spread of foot-and-mouth disease vi-
rus. Interferon-y assay (5) results were
positive for bovine TB for 4 (10.5%)
buffaloes: 2 adult females and 1 young
adult male from the same herd and 1
adult female from another herd.

Four months later, a radio-col-
lared adult female and the young adult
male, each of which had had positive
interferon-y assay results, were se-
dated and euthanized, and necropsies
were performed in the field. Samples
for histopathologic examination and
culture were collected from lymph
nodes of the head and thorax. No acid-
fast organisms were detected, but the
histologic findings were strongly sug-
gestive of paucibacillary TB. M. bovis
was isolated from the retropharyngeal
lymph nodes of both buffaloes and
from the bronchial and head lymph
nodes of | of them. Both isolates were
typed by analysis of variable number
of tandem repeat (VNTR) sequences
at 6 loci (exact tandem repeat A—F) (6)
and compared with the VNTR profiles
of =75 isolates from Kruger. All iso-
lates showed an identical VNTR pro-
file (7544%52.3), which suggests an
epidemiologic link between the M. bo-
vis infections in the 2 parks. However,
the exact tandem repeat loci had lower
discriminatory power among Kruger
isolates than did IS6110 restriction
fragment length polymorphism typing
(T. Hlokwe, unpub. data) (4). A typing
regimen comprising different typing
methods and markers will be useful
for more accurately determining the
genetic relationship between the iso-
lates from the 2 parks, Gonarezhou
and Kruger.

The confirmation of results for
bovine TB—infected buffaloes in Zim-
babwe (Gonarezhou National Park)
raises several questions regarding the
transboundary spread of animal dis-
ease and has considerable manage-
ment implications for the Great Lim-
popo Transfrontier Conservation Area.
The most likely scenario is buffalo-to-
buffalo contact across the boundary
because the bovine TB cases reported
here were located <45 km from the
unfenced northern boundary of Kru-
ger National Park. Buffaloes, especial-
ly bulls and young heifers, frequently
move from herd to herd and may
contribute to the spread of M. bovis
by mixing with unexposed herds (7).
Although transboundary movements
of buffaloes between Kruger and
Gonarezhou have not been specifically
documented, uncontrolled movements
across the Limpopo River do occur
(de Garine-Wichatitsky, unpub. data).
However, >12 wild species in Kruger
have now been found to be infected by
bovine TB (2). Most of these species
are probably not effective sources of
M. bovis infection for buffaloes, but
the disease epidemiology could rely
on multihost reservoirs (8). Thus, a
second scenario could be a buffalo-to—
unidentified wild species—to-buffalo
pathway, because species like greater
kudu (Tragelaphus strepsiceros) ap-
pear to be able to maintain, spread,
and even drive a bovine TB epidemic
(4,9). A third scenario involves move-
ment of infected livestock across the
boundaries of the 3 countries of the
Great Limpopo Transfrontier Con-
servation Area, resulting in cattle-to-
buffalo transmission of bovine TB. As
a last scenario, we cannot rule out the
possibility that bovine TB infection of
buffaloes has remained silent and un-
detected for decades in Zimbabwe.

The management implications of
bovine TB in buffaloes in Gonarezhou
National Park are considerable. Once
bovine TB is established in a native
free-ranging maintenance host, eradi-
cation is unlikely (2,10). Evaluation
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of the prevalence and distribution of
the infection in wildlife and livestock
populations on the Zimbabwe side
of the Great Limpopo Transfrontier
Conservation Area is urgently needed.
Control options in wildlife are limit-
ed (2,10), but chances of success are
greater if control measures are initiat-
ed at the early stage of disease spread
into a new area. Adequate risk-miti-
gation strategies should be developed
and implemented to reduce the risk for
bovine TB transmission to livestock
and humans living at the periphery
of the unfenced Gonarezhou National
Park. Failure to promptly assess the
situation and adopt appropriate mea-
sures would have far-reaching conser-
vation, economic, and public health
consequences, not only for Zimbabwe
but also for the political and social ac-
ceptance of the transfrontier conserva-
tion areas in southern Africa.
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No Resistance
Plasmid in Yersinia
pestis, North
America

To the Editor: Plague, caused
by Yersinia pestis, is now largely con-
trolled by improved sanitation and the
use of antimicrobial drugs. However,
before the widespread availability
of antimicrobial drugs, an estimated
>200 million persons died during pan-
demics (1). Today, if Y. pestis were to
acquire antimicrobial drug resistance
determinants, plague could again be a
deadly disease.

Antimicrobial drug resistance
in Y. pestis has been documented for
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only a few strains. The best available
information is for 2 strains isolated
in Madagascar in 1995 (2), in which
resistance was conferred by plasmids
not typically found in Y. pestis. Strain
16/95 was resistant to streptomycin
only; this resistance was mediated
by plasmid pIP1203 (3). Strain 17/95
was resistant to 8 antimicrobial drugs,
including some commonly used to
treat plague, such as streptomycin,
tetracyclines, and sulfonamides (2).
Multidrug resistance in 17/95 was
mediated by plasmid pIP1202 (4).
Both plasmids could be transferred by
conjugation from the source Y. pestis
strains to other Y. pestis strains and Es-
cherichia coli (3,4). pIP1203 could be
transferred from E. coli to Y. pestis in
the midgut of co-infected rat fleas (Xe-
nopsylla cheopis), common vectors of
plague (5).

Comparative sequence analysis
has indicated that pIP1202 shares an
almost identical IncA/C backbone
with multidrug-resistant (MDR) plas-
mids from Salmonella enterica se-
rotype Newport SL254 and Yersinia
ruckeri YR71, suggesting recent ac-
quisition from a common ancestor (6).
In this study, this backbone was de-
tected in numerous MDR enterobacte-
rial pathogens (e.g., E. coli, Klebsiella
spp., and multiple Salmonella sero-
types) isolated from retail meat prod-
ucts. Many of these plasmids trans-
ferred at high rates to a plasmid-free
Y. ruckeri strain, indicating the ability
to efficiently transfer among species.
Meat products examined in that study
originated from 9 US states, including
western plague-endemic states such as
California, Colorado, New Mexico,
and Oregon.

To determine whether the IncA/C
plasmid backbone previously found in
MDR Y. pestis and other species exists
in Y. pestis isolates from western U.S.
states, we screened Y. pestis DNA. The
713 isolates were collected from from
humans, small mammals, and fleas in
14 of the 17 western plague-endemic
states (Table), including all states that
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reported human cases during 1970-
2002 (7). We used Primer Express
software (Applied Biosystems, Foster
City, CA, USA) to design a TagMan-
MGB single-probe assay to detect
repA, a plasmid replication gene pres-
ent in the IncA/C plasmid backbone.
We based this assay on the repA assay
described by Carrattoli et al. (8) and
used the same forward primer but a
different reverse primer and an addi-
tional probe to facilitate screening on
a real-time PCR platform.

Real-time PCRs were conducted
in 10-puL reaction mixtures that con-
tained 900 nmol/L of forward (5'-GA
GAACCAAAGACAAAGACCTGG
A-3") and reverse (5-TGGCCGGAG
ATTCAATGATC-3") primers, 200
nmol/L of the repA-specific probe
(5'-6FAM-AGACTCACCGCA
AATG-3"), 1x AB TagMan Universal
PCR Master Mix with AmpErase UNG
(uracil N-glycosylase) (Applied Bio-
sytems), and 1 uL of template. Ther-
mal cycling was performed on an Ap-
plied Biosystems 7900 HT sequence
detection system under the following
conditions: 50°C for 2 min, 95°C for
10 min, and 40 cycles of 95°C for 15
s and 60°C for 1 min. DNA extracts
from Y. pestis strain 17/95 (4) and Sal-
monella enterica serotype Newport
strain SL254 (6) were used as positive
controls.

Of the 713 Y. pestis isolates
screened, none was positive for the
IncA/C plasmid backbone, indicating
that MDR as mediated by pIP1202-
like MDR plasmids described by
Welch et al. (6) was not in these sam-
ples. This finding is encouraging with
regard to public health. However, we
screened only for the plasmid back-
bone; MDR genes may have been in
some of these samples but not carried
by pIP1202-like MDR plasmids, es-
pecially considering that plasmids can
be readily integrated into the Y. pestis
chromosome (1).

Could MDR Y. pestis arise in
North America by acquisition of an
MDR plasmid, such as pIP1202, from
food-animal production activities in
plague-endemic regions? If so, Salmo-
nella spp. would be a likely MDR plas-
mid donor for several reasons. First,
Y. pestis has several plasmids that are
highly similar to those in Salmonella
spp., indicating active transfer of plas-
mids between these 2 bacterial groups
(6). Second, fleas that are common vec-
tors of plague have been shown to be
naturally co-infected with Salmonella
spp. and Y. pestis and capable of trans-
mitting both organisms to rodent hosts
(9). Third, MDR plasmids are readily
transferred to Y. pestis in the flea gut
(5). Fourth, transferable MDR plas-
mids are common among Salmonella

Table. Yersinia pestis isolates collected from humans, small mammals, and fleas,

United States

State No. isolates Years collected
Arizona 151 1975, 1977-1984, 1986-1989, 1992—-1996, 1998,
2000-2002

Callifornia 129 1943, 1962, 1970, 1977, 1979-1980, 1983-1999

Colorado 97 1963, 1968, 1989, 1992, 1995-1997, 1999-2002

Idaho 2 1987, 1997

Kansas 17 1997, 1999

Montana 11 1987, 1992—-1993

North Dakota 2 1986, 1993

New Mexico 124 1950, 1976-1977, 1979-1988, 1991-1992, 1994—
1995, 1997-2002

Nevada 36 1980-1985, 1987, 1992—1995

Oregon 18 1959, 1970-1971, 1977, 1979, 1981-1984, 1987

Texas 5 Unknown

Utah 55 1965, 1981-1984, 1991-1995, 1999-2001

Washington 2 1984

Wyoming 64 1978, 1980, 1982-1983, 1985-1987, 1989-1990,

1997, 2000-2001
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spp. isolates in US food animals (10).
Given these linkages, the transfer of an
MDR plasmid from Salmonella spp.
to Y. pestis seems possible. However,
we emphasize that to date no evidence
supports this type of event.
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Triatoma infestans
Bugs in Southern
Patagonia,
Argentina

To the Editor: Triatoma infestans
bugs, the main vector of Chagas dis-
case, historically occupied a large area
from northeastern Brazil to Chubut
Province in Patagonia, Argentina (1).
Large-scale insecticide spraying dur-
ing the 1980s and 1990s reduced its
geographic range and abundance and
interrupted transmission of Trypano-
soma cruzi, mainly in Uruguay, Chile,
and Brazil (2). However, T. infestans
and transmission of T. cruzi persist in
the Gran Chaco, a large ecoregion in
Argentina, Bolivia, and Paraguay (3).

Chubut Province has historically
been an area with no risk for vector-
mediated transmission of T. cruzi;
only its extreme northern region was
categorized as having a low transmis-
sion risk (4,5). However, increased
immigration from disease-endemic
rural areas in Argentina and Bolivia
into Chubut has raised concerns about
accidental introduction of T. infestans
in travelers’ luggage (1) and establish-
ment of a transmission cycle.

In January 2007, we conducted
a province-wide survey of 21 vil-
lages in Chubut Province previously
infested with T. infestans bugs by us-
ing 0.2% tetramethrin as a dislodgant
agent (1 person-hour/house); no T.
infestans bugs were detected (online
Appendix Figure, www.cdc.gov/EID/
content/16/4/887-appF.htm). Only T.
patagonica bugs were found in 11%
of peridomestic structures, and none
were infected with T. cruzi. In June
2007, a T. infestans—like bug was
found in a primary healthcare center
in Comodoro Rivadavia (45°51'S,
67°28'W), a city in southern Chubut
Province (online Appendix Figure).
Healthcare center staff reported visits
by immigrants from Bolivia a few days
before this finding and suspected them
to be the source. The bug was identi-
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fied morphologically as a T. infestans
female and it laid 6 eggs. PCR ampli-
fication of kinetoplast DNA showed
that it was not infected by T. cruzi.

DNA sequence analysis is useful
for investigating evolutionary history
and population structure within Tri-
atominae (6). T. infestans bugs from
Bolivia and Argentina showed ge-
netic differences for nuclear (7) and
mitochondrial markers (6), including
mitochondrial cytochrome oxidase I
(mtCOl) (8). We used our mtCOl hap-
lotype database, which includes pub-
lished (8) and new domestic, perido-
mestic, and sylvatic T. infestans from
65 locations in 13 provinces in Argen-
tina (n=346) and 3 departments in Bo-
livia (n = 144), to analyze the mtCOI
sequence of the bug found in southern
Patagonia and determine if it could be
assigned to a known haplotype from
Bolivia or Argentina. We investigated
phylogenetic relationships with other
haplotypes by using neighbor-joining
and Bayesian approaches.

Our mtCOlI database included 53
haplotypes: 42 were found in Argen-
tina, 9 in Bolivia, and 2 in both coun-
tries (Figure). The bug from southern
Patagonia had haplotype X, which has
been found in only 3 western or south-
ern provinces in Argentina (San Juan,
San Luis, and Rio Negro) (8; online
Appendix Figure).

Results of phylogenetic analyses
were congruent (Figure). The neigh-
bor-joining tree showed that haplo-
type x formed a cluster with haplotype
h (Argentina) and haplotypes from
Bolivia clustered in 3 other groups:
1) two groups with bootstrap values
>70% (one with haplotypes at, n, c,
and 33 haplotypes from Argentina,
and the other with haplotypes ab, ac,
ad, ae, ap, and az); and 2) one group
with a bootstrap value of 68% (hap-
lotypes ax and aa). The Bayesian tree
showed that haplotypes from Bolivia
were arranged in 2 well-supported
clades (posterior probabilities >83%)
and that haplotype X was not included
within any of them. Thus, haplotype
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X of the bug from southern Patagonia
was found only in Argentina and was
not closely related to haplotypes from
Bolivia.

We investigated the geographic
origin of non-native putative attend-
ees of the healthcare center in San
Cayetano. These persons were immi-

(Salta and Jujuy), western (Mendoza,
San Juan, and San Luis), and southern
Argentina (Rio Negro), i.e., from the 3
putative sources of the bug. These im-
migrants typically pay extended visits
to their home towns at least once a year
and transport luggage in which the bug
could have traveled. In 2006, San Juan

grants from Bolivia and from northern  had the highest levels of domestic and
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priors were assumed and run for 4 million generations. Convergence of the Markov chain
Monte Carlo analysis was investigated with the SD of split frequencies and diagnostics
implemented in AWTY (http://ceb.csit.fsu.edu/awty). The model of evolution (Hasegawa-
Kishino-Yano + invariable sites+ I' [HKY + | + I']) was chosen with Mrmodeltest 2.3
(www.abc.se/~nylander). Because MEGA 4.1 does not support HKY; the more inclusive
Tamura-Nei method (www.megasoftware.net/\WWebHelp/part_iv___evolutionary_analysis/
computing_evolutionary_distances/distance_models/nucleotide_substitution_models/
hc_tamura_nei_distance.htm) was used for the neighbor-joining analysis. Haplotypes al,
an, ao, ap, ag, at, au, ax, az, aaa, and aab are reported. DNA sequences are available
in GenBank (accession nos. EF451005-EF451041, FJ439768, FJ811845-8, and GQ
478993-GQ 479005). *Two provinces in Argentina; fTarija, Bolivia; £10 provinces in
Argentina. Scale bar indicates nucleotide substitutions per site.
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peridomestic infestation with T. in-
festans (35% and 21%, respectively),
including urban infestation (9). Men-
doza (not in our database) had con-
siderable domestic and peridomestic
infestations (both 7%), and San Luis
(0.5% and 5.3%, respectively) and Rio
Negro (both <0.1%) had low infesta-
tions in 2001 (4) and thereafter (C.
Spillmann, unpub. data). Bolivia, Sal-
ta, and Jujuy are excluded as potential
sources of the bug because haplotypes
closely related to haplotype X were not
found in these places. Active dispersal
from a local source can be ruled out
because there is no precedent for T.
infestans in Comodoro Rivadavia, and
the mean temperature in June (8°C) is
below the known threshold for flight
initiation (23°C) (10).

Our results show that molecular
phylogenetics can identify passive
transport of insects into areas where
a disease is not endemic and rule out
putative sources supported only by
circumstantial evidence. Our findings
reinforce the need for sustained and
coordinated vector surveillance and
control at a regional level (3).
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Serologic Survey
of Hantavirus
Infection, Brazilian
Amazon

To the Editor: Since the etiol-
ogy of hantavirus cardiopulmonary
syndrome (HCPS) was recognized in
1993 in the United States (1), vari-
ous hantaviruses have been associated
with the syndrome in South America
(2,3). Depending on the viral geno-
type involved, hantavirus infection
can take a wide variety of forms, from
asymptomatic or oligosymptomatic to
the classic clinical form (4,5).

The first cases of HCPS in Bra-
zil were reported in the state of Sdo
Paulo in 1993 (6,7). In 2000, an out-
break of HCPS was reported in the
municipality of Anajatuba in the state
of Maranhdo in the Maranhdo western
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lowlands, a microregion in the Brazil-
ian Amazon (8,9). An ecologic study
in this region identified antibodies
against hantaviruses in wild rodents
(Oligoryzomys fornesi and Holochilus
sciureus). Analysis of RNA from the
viruses isolated from these 2 rodent
species showed 2 new hantaviruses,
which were named Anajatuba and Rio
Mearim, respectively (10).

The Maranhao western lowlands
is a swampy region that consists of
21 municipalities and ~400,000 in-
habitants. A cross-sectional study was
conducted from August 2004 through
September 2006 to identify exposures
and activities associated with hantavi-
rus infection. A convenience sample
comprising 6 of the 21 municipalities
in the region was selected: Pinheiro
in the north, Vitéria do Mearim in the
south, Sdo Bento and Sao Jodo Batista
in the east, and Penalva and Viana in
the west. In each municipality, a vil-
lage in the countryside was randomly
chosen. All members of those com-
munities were invited to participate.

Persons who agreed to take part in
the study were interviewed, and a
standardized questionnaire was used
to collect demographic information.
Participants provided blood samples
after giving written informed consent.
ELISA to detect immunoglobulin (Ig)
G antibodies against hantaviruses was
performed in the Arbovirology and
Hemorrhagic Fevers Department at
the Evandro Chagas Institute (Belém,
PA, Brazil) by using antigen from the
Sin Nombre virus supplied by the
Centers for Disease Control and Pre-
vention (Atlanta, GA, USA). Samples
were initially screened at 1:100, and
all positive results were confirmed in a
serial dilution (starting at 1:400) test.
Positive samples were those with titers
>400 (10).

Odds ratios (ORs) were estimated
by logistic regression. Variables with
p<0.20 in the univariate analysis were
subjected to multivariate analysis.

Our study comprised 1,386 per-
sons. The seroprevalence of antihan-
tavirus antibodies in the 6 municipali-

ties was 4.7% (65/1,389), distributed
as follows: Sdo Jodo Batista, 2.6%
(8/307); Sao Bento, 3.1% (6/195); Pe-
nalva, 3.5% (5/145); Pinheiro, 4.8%
(13/273); Viana, 5.6% (9/160); and
Vitoria do Mearim, 7.8% (24/309).
Most persons interviewed were farm-
ers and illiterate and lived in rammed-
earth huts. Killing rats in the fields was
reported by 24.3% (337/1,389). Ac-
cording to univariate analysis, seeing
rats in the dwelling or in the field, hav-
ing killed rats in the dwelling or in the
fields, being a farmer, being male, and
being >20 years of age were associated
with IgG against hantaviruses. No as-
sociation was found between storage
of grain inside a dwelling or presence
of natural predators of rodents, e.g.,
domestic cats and snakes such as the
red-tailed boa, and antibodies against
hantaviruses (Table).

Because of colinearity between
rat exposure variables, only “having
killed rats in the field” was submit-
ted to adjusted analysis. In the mul-
tivariate analysis, being >20 years of

Table. Univariate analysis of risk factors associated with hantavirus infection in humans, Maranhao western lowlands, Brazil, 2006*

SNV IgG positive, no. (%),

SNV IgG negative, no. (%),

Possible risk factor n =65 n=1,324 OR (95% CI) p value
Storing grain in the house 38 (58.5) 774 (58.5) 1.00 (0.60-1.66) 0.999
Sweeping the house 53 (81.5) 1176 (88.8) 0.56 (0.29-1.06) 0.076
Seeing rats in the dwelling 47 (72.3) 742 (56.0) 2.05 (1.18-3.56) 0.011
Seeing rats in the fields 41 (63.1) 618 (46.7) 1.95 (1.17-3.27) 0.011
Having killed rats in the dwelling 46 (70.8) 686 (51.8) 2.25(1.31-3.88) 0.004
Having killed rats in the fields 29 (44.6) 308 (23.3) 2.66 (1.60-4.40) <0.001
Being bitten by a rat 5(7.7) 46 (3.5) 2.32 (0.89-6.04) 0.086
Seeing rat feces in the dwelling 34 (52.3) 609 (46.0) 1.29 (0.78-2.12) 0.320
Being a farmer 40 (61.5) 467 (35.3) 2.94 (1.76-4.90) <0.001
Using rat meat as fishing bait 1(1.5) 13 (1.0) 1.58 (0.20-12.2) 0.664
Seeing buffaloes in the fields 26 (40.0) 518 (39.1) 1.04 (0.62-1.72) 0.888
Keeping a snake in the house 0 27 (2.0) Not calculated 0.245
Keeping a cat in the house 33 (50.8) 689 (52.0) 0.95 (0.58-1.56) 0.841
Keeping a dog in the house 39 (60.0) 890 (67.2) 0.73 (0.44-1.22) 0.229
Living in a dwelling close to the fields 47 (72.3) 868 (65.6) 1.37 (0.79-2.39) 0.264
Living near fruit trees 40 (61.5) 829 (62.6) 0.96 (0.57-1.59) 0.861
Living near the forest 29 (44.6) 599 (45.2) 0.98 (0.59-1.61) 0.921
Living in a house >30 m from the fields 23 (35.4) 477 (36.0) 0.97 (0.68-1.64) 0.916
Bathing in flooded fields 27 (41.5) 429 (32.4) 1.48 (0.89-2.46) 0.128
Fishing in flooded fields 43 (66.2) 797 (60.2) 1.29 (0.76-2.19) 0.339
Being age 20-29 y 12 (18.5) 266 (20.1) 7.31(2.04-26.1) 0.002
Being age 30-39y 8(12.3) 226 (17.1) 5.73 (1.51-21.8) 0.010
Being age >40 y 42 (64.6) 346 (26.1) 19.7 (6.05-64.0) <0.001
Being male 38 (58.5) 590 (44.6) 1.75 (1.06-2.90) 0.030

*SNV, Sin Nombre virus; Ig, immunoglobulin; OR, odds ratio; Cl, confidence interval.
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age and having killed rats in the field
remained associated with hantavirus
infection. In the model that did not
consider sex and age, being a farmer
(OR 2.63, 95% confidence interval
[CI] 1.56%4.41%) and having killed
rats in the field (OR 2.30, 95% CI
1.38%-3.84%) were independently
associated with hantavirus infection.

Hantavirus infection is endemic
to the Maranhdo western lowlands. It
has characteristics of an occupational
infection associated with agricultural
work, but age mostly explained the ef-
fect of being a farmer (OR for being
a farmer 1.29, 95% CI 0.74%-2.24%,
adjusted for sex and age). Exposure
to rodents appeared to occur both in
fields and dwellings.

Although serologic evidence indi-
cated that hantaviruses were circulat-
ing in the 6 municipalities studied, no
cases of HCPS were reported in any
of them. This finding suggests that ei-
ther only mild or asymptomatic cases
were occurring and that these were not
recognized as HCPS or that cases of
hantavirus were not being detected
and reported. However, in a study in
2000 in Anajatuba in a cohort of 234
persons who did not initially have IgG
against hantaviruses, 4 seroconver-
sions to IgG against these viruses were
detected; 2 of these infections were
asymptomatic and 2 were self-limiting
febrile illnesses that occurred after 24
months of follow-up (9). The present
study reinforces the suspicion that
mild or atypical cases are occurring in
this region and may be the main rea-
son classical hantavirus infection has
not been identified.

Acknowledgments

This paper is dedicated to Wellington
S. Mendes. We thank Henrique Jorge San-
tos for assistance with the investigation.

This research was supported by
Fundagdo de Amparo a Pesquisa do Es-
tado do Maranhdo and Conselho Na-
cional de Desenvolvimento Cientifico e
Tecnoldgico/Ministério da Ciéncia e Tec-

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 16, No. 5, May 2010

nologia, Brazil (grants 301047/2008-1 and
573739/2008-0).

Wellington S. Mendes,’
Antonio A.M. da Silva,
Romerito F. Neiva,
Nicolle M. Costa,
Maressa S. de Assis,
Priscila M.O. Vidigal,
Maria da G. L. Leite,
Elizabeth S.T. da Rosa,
Daniele B. de A. Medeiros,
Darlene de B. Simith,

and Pedro F. da C. Vasconcelos
Author affiliations: Federal University of
Maranhao, Séo Luis, Brazil (W.S. Mendes,
A.AM. da Silva, R.F. Neiva, N.M. Costa,
M.S. de Assis, P.M.O. Vidigal); Maranhao
State Department of Health, S&o Luis
(M.G.L. Leite); and Evandro Chagas Insti-

tute, Belém, Brazil (E.S.T. Rosa, D.B. Me-
deiros, D.B. Simith, P.F.C. Vasconcelos)

DOI: 10.3201/eid1605.090766

1.

10.

LETTERS

port of the first three cases in Sao Paulo,
Brazil. Rev Inst Med Trop Sao Paulo.
1997;39:231-4.

Mendes WS, Aragdo NJL, Santos HJ, Ra-
poso L, Vasconcelos PFC, Rosa EST, et al.
Hantavirus pulmonary syndrome in Ana-
jatuba, Maranhdo, Brasil. Rev Inst Med
Trop Sao Paulo. 2001;43:237—40. DOI:
10.1590/S0036-46652001000400013
Mendes WS, Silva AAS, Aragdo LFC,
Aragdo NJL, Raposo ML, Elkhoury
MR, et al. Seroprevalence and risk fac-
tors for infection by hantavirus in Anaja-
tuba, Maranhdo, Brazil. Emerg Infect Dis.
2004;10:1496-8.

Rosa EST, Mills JN, Padula PJ, Elk-
houry MR, Ksiazek TG, Mendes WS, et
al. Newly recognized hantaviruses as-
sociated with hantavirus pulmonary syn-
drome in northern Brazil: partial genetic
characterization of viruses and serologic
implication of likely reservoirs. Vector
Borne Zoonotic Dis. 2005;5:11-9. DOI:
10.1089/vbz.2005.5.11

c

Address for correspondence: Pedro F. da C.
Vasconcelos, Departamento de Arbovirologia

Febres Hemorragicas, Instituto Evandro

Chagas, Rodovia BR316, Km 7, 67030-000,

Ananindeua, Brazil; email: pedro.vasconcelos@)

References
globo.com
Centers for Disease Control and Preven-
tion. Outbreak of acute illness—north-
western United States. MMWR Morb
Mortal Wkly Rep. 1993;42:421-4. Letters

Pan American Health Organization. Han-
tavirus en las Americas: guia para el di-
agnostico, el tratamiento, la prevencion y
el control. Washington: The Organization;
1999.

Padula PJ, Colavecchia SB, Martinez VP,
Gonzalez Della Valle MO, Edelstein A,
Miguel SD, et al. Genetic diversity, distri-
bution, and serological features of hanta-
virus infection in five countries in South
America. J Clin Microbiol. 2000;38:3029—
35.

McCaughey C, Hart CA. Hantaviruses. J
Med Microbiol. 2000;49:587-99.

Butler JC, Peters CJ. Hantaviruses and
hantavirus pulmonary syndrome. Clin In-
fect Dis. 1994;19:387-95.

Johnson AM, Sousa LTM, Ferreira IR,
Pereira LE, Ksiasek TG, Rollin PE, et
al. Genetic investigation of novel han-
taviruses causing fatal HPS in Brazil.
J Med Virol. 1999;59:527-35. DOL:
10.1002/(SICI)1096-9071(199912)
59:4<527::AID-JIMV17>3.0.CO;2-Y
Silva MV, Vasconcelos MJ, Hidalgo NTR,
Veiga AP, Canzian M, Marotto PC, et al.
Hantavirus pulmonary syndrome. Re-

"Deceased.

Letters commenting on recent
articles as well as letters report-
ing cases, outbreaks, or original
research are welcome. Letters
commenting on articles should
contain no more than 300 words
and 5 references; they are more
likely to be published if submit-
ted within 4 weeks of the origi-
nal article’s publication. Letters
reporting cases, outbreaks, or
original research should contain
no more than 800 words and 10
references. They may have 1
Figure or Table and should not be
divided into sections. All letters
should contain material not pre-
viously published and include a
word count.

891



LETTERS

Body Lice, Yersinia
pestis Orientalis,
and Black Death

To the Editor: Wild rodent fleas
are the most common vectors of Yer-
sinia pestis, the plague agent (1).
The human body louse (Pediculus
humanus) has been proposed as a
probable additional vector during his-
torical epidemics (2) because human
cases of louse-borne plague have been
suspected (3) and body louse—borne
plague has been demonstrated experi-
mentally with rabbits (4). Using rab-
bits, we tested the ability of the 3 Y.
pestis main biovars to produce a suc-
cessful rabbit-louse-rabbit-louse cycle
of transmission (4).

Two New Zealand White (Oryc-
tolagus cuniculi) rabbits were in-
oculated intravenously with phos-
phate-buffered saline alone (negative
controls) or phosphate-buffered sa-
line containing 10° CFU of VY. pes-
tis biotype Nairobi-Rattus Antiqua,
biotype 14-47 Medievalis, or biotype
6/69M Orientalis. PCR ensured de-
tection of the virulence factor—encod-
ing plasmids. The rabbits inoculated
with biotypes Antiqua, Medievalis,
or Orientalis had septicemia of =2 x
10° CFU/mL of blood 14 hours posti-
noculation and died at 20-22 hours,
18-20 hours, or 16-18 hours posti-
noculation, respectively. In contrast,
the negative control rabbits remained
healthy for 3 weeks. Five minutes
postinoculation, 150 uninfected lice
fed for 1 hour on rabbits and took an
equivalent blood meal as measured by
weight, regardless of the rabbit used.
Y. pestis was isolated from all 120 ran-
domly tested lice and their feces. Five
days postinfection, the death rate of
Orientalis-fed lice (95.3%) was sig-
nificantly higher than that of the con-
trol (4%), Antiqua-fed, (78.6%), and
Medievalis-fed (74%) (p<0.0001)
lice. One third of Orientalis-infected
lice remained alive 3 days after the
contaminating blood meal.

892

Lice fed on septicemic rabbits
further fed on 2 uninfected rabbits
for 1 hour daily for up to 6 days. The
rabbits bitten by Orientalis-infected
lice had 2.7 x 10> CFU/mL of blood
4 days postinfection and died 1 day
later. In contrast, the rabbits bitten by
Antiqua-infected or Medievalis-in-
fected lice looked healthy and lacked
septicemia 3 weeks after challenge.
New groups of 150 uninfected lice fed
for 1 hour daily on Orientalis-infected
rabbits started to die earlier than did
lice fed on Antiqua, Medievalis (1 vs.
2-3 days after blood meal), and unin-
fected rabbits. Furthermore, 21 days
after their first blood meal, lice fed
on Orientalis-infected rabbits had a
significantly higher death rate (90%)
than did control (3%) (p<0.0001), An-
tiqua-infected (16%), and Medievalis-
infected (10%) lice; the latter values
were significantly higher than that of
the negative controls (p = 0.046). Y.
pestis could be cultured only from lice
and their feces if the lice were fed on
rabbits previously bitten by Orientalis-
infected lice (online Appendix Figure,
www.cdc.gov/EID/content/16/5/892-
appF.htm).

Our observation that body lice ef-
fectively transmitted Y. pestis through
a complete cycle of transmission con-
firms previous experimental (4) and
field observations of experimental
transmission that used body lice col-
lected from plague patients from the
same family in the absence of any other
ectoparasite (3). Transmission of Ori-
entalis but not Antiqua or Medievalis
organisms did not result merely from
experimental bias because negative
controls remained negative, data were
duplicated, rabbits exhibited equivalent
bacteremia, and lice took equivalent
blood meals regardless of biotype.

Our observations shed new light
on the Black Death, a medieval epi-
demic of plague (5). Historical records
indicate that persons with the Black
Death had bubonic plague, indicating
an ectoparasite-borne transmission
(1). Pulex irritans fleas were docu-

mented in a medieval setting in Viking
Greenland (6). However, their poor
competence (7) and the Black Death
that swept Russia and Scandinavia are
not fully compatible with flea-borne
transmission alone. Ten infected lice
are sufficient for plague transmission
(4), and our observation that one third
of infected lice remained alive 3 days
after infection indicates that an index
plague patient carrying as few as 30
body lice could be a source for plague
up to 3 days after dying. This figure
was highly plausible during the Black
Death because body lice currently in-
fest almost 85% of homeless persons,
with a mean of 57 lice per person (8).
Although the role of fleas as vectors
of Y. pestis from rodents to humans is
undisputed, this tabulation sustains the
potential role of body lice as an addi-
tional vector of plague from human to
human during the Black Death (2).
Paleomicrobiology suggested that
most historical cases in Europe result-
ed from Orientalis (5). This observa-
tion challenged the scenario that An-
tiqua, Medievalis, and Orientalis were
responsible for ancient, medieval, and
modern plague pandemics, respec-
tively (9). The latter scenario had been
hypothesized after the biotypes were
observed to have a geographic reparti-
tion matching that of the hypothetical
sources of the 3 historical pandemics
(10) and was further propagated as
dogma without further confirmation.
Our data support an alternative
scenario of the historical plague epi-
demics transmitted by body lice, with
Orientalis being the only such louse-
borne transmissible biotype. This
point justifies studies during ongoing
epidemics in cold countries, keeping
in mind the need to understand and
control re-emerging plague in modern
populations exposed to body lice.
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Salmonella
Senftenberg
Infections and
Fennel Seed Tea,
Serbia

To the Editor: The first docu-
mented outbreak of salmonellosis
linked to consumption of plant prod-
ucts in the Autonomous Province of
Vojvodina, Serbia, occurred from
March 2007 through September 2008.
Fourteen cases of Salmonella enterica
serotype Senftenberg infection were
reported.

The yearly incidence of salmonel-
losis in Vojvodina during 2003-2007
ranged from 25/100,000 inhabitants to
70/100,000 inhabitants; 34 outbreaks
were reported in 2007, caused pre-
dominately by S. enterica serotype
Enteritidis (1). Most outbreaks were
associated with consumption of food
of animal origin (1,2). Salmonella
spp. were isolated from seeds in 2004,
when S. enterica serotype Mbandaka
and S. enterica serotype Virchow were
isolated from sesame seeds (3).

Before 2007, S. Senftenberg had
rarely been identified in Vojvodina.
During 2003, 3 cases were reported.
In 20042005, no S. Senftenberg cases
were reported. In 2006, 8 cases of S.
Senftenberg infection were reported
among infants <12 months of age. An
outbreak investigation did not reveal
the source of infection. Common to

LETTERS

all of those infected was their age and
their consumption of infant formula.
Nonetheless, laboratory analysis of
samples of the various formulas did
not show any pathogens. Two addi-
tional cases occurred in 2007 among
patients who were <12 months of age.
These cases confirmed suspicion that
the infections had a source other than
formula. Further investigation led to
the consideration of tea consumption
as a possible factor.

In April 2008, a total of 3 infants
<12 months of age with salmonellosis
came to the attention of investigators.
S. Enteritidis was first identified in
the samples of their feces. One month
later, feces samples from the 3 infants
were tested again, and S. Senftenberg
was isolated from all 3 specimens.

After these findings, the Institute
of Public Health of Vojvodina con-
ducted an outbreak investigation in
collaboration with institutes of public
health at the district level. A case was
defined as the presence of a laborato-
ry-confirmed S. Senftenberg infection
during 2007-2008. All case-patients
(or their parents) were interviewed
by using a standard questionnaire for
salmonellosis, which was expanded to
include questions regarding tea con-
sumption.

A standardized method of enter-
obacterial repetitive intragenic consen-
sus (ERIC)-PCR, based on the method
of Versalovic et al. (4), with ERIC-
PCR with ERIC2 primer (5’ AAGTAA
GTGACTCGGGTGAGCG-3'), was
applied. DNA was isolated by using
the InvitrogenPure Link Genomic
DNA purification kit (Invitrogen,
Carlsbad, CA, USA). Gene sequences
were amplified in a Perkin/Elmer ther-
mal cycler (model 9600) (PerkinEl-
mer, Waltham, MA, USA). A DNA
ladder was constructed by using Gene
Ruler 100-bp DNA Ladder Plus (Fer-
mentas, Glen Burnie, MD, USA).

Exploratory interviews with par-
ents showed that all 3 infected infants
had consumed commercially manu-
factured baby tea during the previous
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month (after diagnosis of S. Enteritidis
infection was made). Before feeding
it to the infants, the parents had not
heated the tea until it boiled, but rather
had poured boiled water over the tea.
After obtaining that information, we
tested 33 samples of the incriminat-
ed brand of tea from public grocery
stores and supermarkets; 13 samples
were positive for S. Senftenberg. The
organism’s genetic profile was identi-
cal or similar from both tea and human
samples (Figure).

Baby tea, widely distributed
throughout Serbia, contains aniseed
and caraway and fennel seeds. Sanita-
tion inspectors collected samples from
tea manufacturers. In the fennel seed
sample, S. Senftenberg was identified.
According to the tea manufacturer,
fennel was purchased from another
company, which collected seeds from
individual producers. Fennel seed was
cultivated in a household garden by
an unregistered producer; neither the
grower nor fennel stocks could be
found. Two cases of S. Senftenberg
from 2007 were retrospectively linked
to infant tea, as were all other cases re-
ported in 2008.

Demographic characteristics and
clinical status of the case-patients
were analyzed. Of 14 cases of S.
Senftenberg infection, 10 were in in-
fants <12 months of age (average 5.1
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months). Half had diarrhea and the
same proportion had fever >38.5°C.
Ten patients were female and 4 were
male. All 4 adults had mild infection,
except 1 adult who had concomitant
Clostridium difficile infection. Three
infants and an adult with concomitant
infection were hospitalized.

Most infections were reported in
May 2008, including the 3 cases in
infants who were recovering from S.
Enteritidis infection. After September
2008, no new cases of S. Senftenberg
were reported until July 2009, when
1 case was identified in a 24-year-old
man.

The heat resistance of S. Senften-
berg is well known and is much higher
than that for most other Salmonella
serotypes (5). A number of recent
outbreaks of S. Senftenberg infection
resulted from consumption of fresh
products. Thus, products that will be
used in a fresh state should undergo
more rigorous testing for pathogens,
or better methods of infection control
must be used.

The European Food Safety Au-
thority has noted that all botanicals or
botanical preparations could become
hazardous as a result of flaws in the
production process; therefore, manu-
facturers should follow the Hazard
Analysis and Critical Control Point
systematic approach (6). This system
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Figure. Enterobacterial repetitive intragenic consensus (ERIC)-PCR ERIC2 primers.
Lane 1, molecular mass ladder; lanes 2—7, nonoutbreak isolates; lanes 8-9, isolates from
baby tea; lane 10, isolate from fennel; lanes 11-15, isolates from salmonellosis patients.
ERIC PCR with ERIC2 primer (5-AAGTAAGTGACTCGGGTGAGCG-3') was used. DNA
was isolated by using the InvitrogenPure Link Genomic DNA purification kit (Invitrogen,
Carlsbad, CA, USA). Gene sequences were amplified in a Perkin/Elmer thermal cycler
(model 9600; PerkinElmer, Waltham, MA, USA). A DNA ladder was created by using Gene
Ruler 100-bp DNA Ladder Plus (Fermentas, Glen Burnie, MD, USA).
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must be applied with the necessary
flexibility and adapted to each bo-
tanical preparation on a case-by-case
basis.

In 1999, the US Food and Drug
Administration recommended that
seeds be disinfected by washing with
calcium hypochlorite solution before
they sprout. However, this treatment
destroys only pathogenic microor-
ganisms on the seed surface (7,8).
Thus, new methods, such as high
hydrostatic pressure or use of bacte-
riophages as biocontrol agents should
be adopted. High-pressure processing
does not change the taste of food or
cause any physical damage (7). With
further refinement of phage deliv-
ery mechanisms, Salmonella phages
could be effective in eliminating or
reducing Salmonella contamination
of vegetables (9).
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Cryptosporidiosis
Associated with
Wildlife Center,

Scotland

To the Editor: Handwashing
is the single most important preven-
tion step in reducing transmission of
gastrointestinal zoonoses (1). Never-
theless, Health Protection Scotland
receives reports of 500 to 700 labo-
ratory-confirmed cases of cryptospo-
ridiosis each year. Cryptosporidiosis
symptoms include profuse, watery di-
arrhea, often accompanied by bloat-
ing, abdominal pain, and nausea. On
April 15, 2005, National Health Ser-
vice Tayside District’s public health
department called a meeting of the
incident control team after a single
index case of cryptosporidiosis in
Scotland. One reported case rarely
results in such measures; however,
initial investigations determined that
this case-patient may have acquired
infection by contact with scouring
(diarrhea) lambs at a wildlife center,
during the Easter break (March 27—
April 10, 2005). Subsequent public
health actions included active sur-
veillance of recent Cryptosporidium
spp. laboratory reports, active case
finding, the microbiologic analysis
of feces/rectal swabs from lambs and
bedding samples, and an assessment
of the wildlife center’s private water
supply. Control measures included
the removal of lambs from the center,
disinfection of the premises with hy-
pochlorite, and stopping direct con-
tact between animals and visitors.

In total, 128 microbiologically
confirmed cases were reported to the
incident control team. An additional
252 clinical cases were reported among
wildlife center visitors for whom no
stool sample was taken. The illnesses
of these persons had a similar implied
incubation period (typically 67 days)
and their age profiles were the same
as patients with laboratory-confirmed
cases. Of 128 patients with confirmed
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cases, 117 visited the wildlife center,
and infections of the remainder were
attributed to secondary spread. Most
case-patients were Tayside residents
and were generally resident in towns
and villages near the wildlife center.
Of the 128 human isolates, 103 were
identified as Cryptosporidium par-
vum. Oocysts from the environmental
samples (lamb pen drain and central
drain debris) were also identified as
C. parvum. Isolates could not be ob-
tained from lambs because the lambs
had died and were subsequently incin-
erated by the wildlife center. Although
assessment of the private water supply
revealed unacceptable levels of coli-
forms, oocysts were not detected.

Daily gate receipts for the wildlife
center were obtained. Using these as a
denominator for confirmed cases, we
calculated the daily attack rate. The
attack rate peaked at 8.1% on April 8,
2005. The relative risk for visiting the
wildlife center over the defined period
was estimated to be =13.3 for con-
firmed Cryptosporidium infection. In
view of the strength and clarity of the
association between visiting the wild-
life center (petting lambs in particular)
and being a case-patient (Figure), no
formal analytical epidemiologic in-
vestigation was conducted.

These results suggest that the out-
break was caused by direct contact
with scouring lambs, a recognized risk
factor for cryptosporidiosis, coupled
with inadequate handwashing facili-
ties (2,3). Anecdotal reports indicate
that children were encouraged to pick
up lambs from the farm enclosure, de-
spite visible signs of diarrhea on the
animals. The lack of handwashing fa-
cilities in this wildlife park was sur-
prising because the Scottish govern-
ment had conducted an information
campaign that Spring (March), encour-
aging primary prevention initiatives,
specifically in petting farms and zoos,
and recommending the provision and
use of handwashing facilities (www.
infoscotland.com/handsclean/CCC_
FirstPage.jsp). Moreover, no hand-
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Figure. Date of onset of cryptosporidiosis cases reported to Health Protection Scotland and

date of visit to wildlife center, 2005.

washing facilities were located near
the lamb-petting area, and consider-
able effort was required to locate a
handwashing basin in the wildlife
center complex. Several alcohol hand
sanitizers were located on site, but the
microbicidal effects on Cryptosporid-
ium spp. are insufficient to prevent in-
fection, especially after direct contact
with livestock (4,5).

After publication of the outbreak
report, an assessment of hand-washing
and hygiene facilities elsewhere in
Scotland found them to be suboptimal
and that stronger education, regula-
tion, and other control measures were
needed to protect the public. Recent
Escherichia coli O157 outbreaks in
England have accentuated the unre-
solved issues for UK petting farms
concerning hand hygiene and zoonotic
infections (6).
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Increase in
Pneumococcus
Macrolide
Resistance, USA

To the Editor: Jenkins and Far-
rell reported an increase in the propor-
tion of macrolide-resistant Streptococ-
Ccus pneumoniae isolates in the United
States (1). They mentioned increased
use and inappropriate prescription of
macrolides as potential explanations
for the increase in macrolide resis-
tance and expressed doubts, stating
“which (if any) of these factors might
explain the trends here are not clear.”
Although the spread of antimicrobial
drug resistance is a complex issue with
many contributing factors, we believe
that the role of macrolide use should
not be understated.

Several studies in Europe have
provided evidence for a relationship
between macrolide use and resis-
tance. Macrolide exposure leads to
emergence of macrolide resistance on
the individual level, and countries in
Europe with higher outpatient sales
of macrolides have more macrolide-
resistant pneumococci (2).

Outpatient antimicrobial drug
use in the United States has decreased
since 1995-1996, especially among
children. However, use of azithromy-
cin increased in children, and use of
macrolides increased in older patients
from 1995-1996 through 2005-2006
(3). In this context, it would be sur-
prising that after this increase, pneu-
mococci would show different char-
acteristics in the United States than
in Europe. A 2001 study showed that
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increased macrolide use in the United
States during 1995-1999 coincided
with a doubling of the proportion of
macrolide-resistant pneumococci (4),
and further increases in macrolide
use since 1999 (3) have contributed
to the increase in macrolide-resistant
pneumococci.

Decreased macrolide use has led
to a decrease in macrolide-resistant
pneumococci. A yearly seasonal re-
duction in antimicrobial drug pre-
scribing in Israel was associated with
a decrease in the proportion of antimi-
crobial drug-resistant pneumococci
that caused acute otitis media (5). With
the introduction of expanded-valent
pneumococcal conjugate vaccines,
there is promise that drug-resistant
pneumococcal disease can be reduced.
Nevertheless, judicious use of anti-
microbial drugs and a decrease in un-
necessary prescriptions, as promoted
by the Get Smart: Know When Anti-
biotics Work (www.cdc.gov/getsmart)
campaign, are essential to limiting
selection and spread of antimicrobial
drug resistance.
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Rapid Antigen
Test for Pandemic
(HLN1) 2009 Virus

To the Editor: Drexler et al. re-
cently compared the sensitivity of the
BinaxNOW Influenza A & B Rapid
Test (BinaxNOW,; Inverness Medi-
cal, Cologne, Germany) with that of
a real-time reverse transcription—-PCR
(RT-PCR) assay specific for influenza
A pandemic (HIN1) 2009 virus (1).
Of 1,838 clinical specimens tested,
221 were confirmed as positive for
pandemic (HIN1) 2009 by RT-PCR.
When 144 of these 221 specimens
were evaluated by using the Binax-
NOW, results were positive for only
16 (11%).

At onset of the pandemic, we
evaluated the first 135 nasopharyngeal
aspirates submitted to the Regional
Laboratory of Public Health Haar-
lem, the Netherlands. We compared
the performance of the BinaxNOW
for diagnosing influenza A (HINI1)
virus by using molecular detection of
influenza virus as the reference stan-
dard. Samples were analyzed with a
general influenza A assay targeting
the matrix gene (the RespiFinder as-
say) (PathoFinder B.V., Maastricht,
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the Netherlands [2]) and a pandemic
(HIN1) 2009-specific RT-PCR as-
say targeting the neuraminidase gene
(3). We tested 135 patient samples (76
from male patients); mean age of pa-
tients was 32 years (range 0-81 years).
Samples from 38 (28%) patients had
positive results in both RT-PCRs, and
samples from 97 (72%) patients had
negative results in the matrix gene RT-
PCR and neuraminidase RT-PCR as-
says. Sensitivity and specificity were
estimated to be 47% (18/38, 95% con-
fidence interval [CI] 32%—62%) and
95% (92/97, 95% CI 88%—-98%), re-
spectively, for the BinaxNOW antigen
test. Patients’ ages did not significantly
differ between rapid test—positive and
—negative results.

Our results largely agree with
those of Vasoo et al. (4) and the Cen-
ters for Disease Control and Preven-
tion (5). Those studies determined that
the sensitivity of the BinaxNOW com-
pared with nucleic acid amplification
tests is #40%. The lower sensitivity
observed by Drexler et al. (1) might
be because of differences in study type
(retrospective evaluation compared
with a prospective cohort in our study),
sample size, technical factors (with re-
gard to specimen collection, specimen
transport, and specimen storage), dif-
ferences in the test kit, and differences
between individual patients (multiple
categories of age and stages of illness,
differences in virus shedding).

Many clinicians are not aware of
the performance of specific test de-
vices and rely on test results to make
clinical decisions. Because negative
results cannot rule out influenza, this
test is of little use in a clinical setting
without appreciation of the limitations
of the test. However, because the Bi-
naxNOW has reasonable specificity,
it might prove useful in clinical or
epidemiologic situations in which test
sensitivity is not critical, e.g., in facil-
ity outbreaks in which multiple speci-
mens are collected to rapidly identify
the causative organism.
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In Response: We read with in-
terest the report by Diederen et al.
(1) showing a 47% sensitivity of the
BinaxNOW (Inverness Medical, Co-
logne, Germany) antigen-based rapid
influenza diagnostic test (RIDT) for
the clinical detection of pandemic
(HIN1) 2009 virus. We agree that
RIDTs may be of little benefit in situ-
ations where a timely diagnosis by re-
verse transcription—PCR (RT-PCR) or
optimized direct fluorescent antibody
tests can be achieved.

Our recent study yielded even
lower sensitivity for RIDT: 11.1% (2).
RIDT sensitivity is greatly influenced
by differences in the level of virus
shedding between children and adults,
making studies difficult to compare
(3). In general, age profiles and virus
concentrations should be provided
and considered when comparing co-
horts examined by any virus detec-
tion method. Moreover, quality and
origin of specimens can influence the
sensitivity of RT-PCR— and antigen-
based tests. One important example is
the use of flocked swabs for collect-
ing respiratory samples. Under opti-
mal conditions, for instance, a direct
fluorescent antibody test was recently
shown to yield high diagnostic sensi-
tivity comparable with that of RT-PCR
for pandemic (HIN1) 2009 virus (4).
Another critical factor, especially for
RIDT, may be the compatibility of test
monoclonal antibodies with the novel
virus. Lower sensitivities of such tests
for pandemic (HINI) 2009 virus in
comparison with seasonal influenza
viruses have been reported (3,5). Ad-

like to emphasize the medical risks
associated with use of RIDTs by un-
trained operators, e.g., lesions from in-
adequate sampling and false interpre-
tation of test results. Such use may be
specifically promoted by ready avail-
ability of such tests on the Internet or
at pharmacies.
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Erratum—Vol. 16, No. 2
The link to the article Hendra Virus Outbreak with Novel Clinical Features, Australia (H. Field et al.) was pub-
lished incorrectly in Vol. 16, No. 4. The correct link is www.cdc.gov/eid/content/16/2/338.htm.
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The Evolution and
Emergence of
RNA Viruses
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This impressive monograph by
Edward Holmes opens with a quota-
tion from La Peste, by Albert Camus:
“Everyone knows that pestilences have
a way of recurring in the world; yet
somehow we find it hard to believe in
ones that crash down on our heads from
a blue sky.” This apt quotation might
lead the reader to believe that the evo-
lution and emergence of RNA viruses
in causing new diseases would be dis-
cussed, but in fact the book, as its title
suggests, concentrates on how RNA vi-

ruses evolve and emerge at the molecu-
lar level, not how they cause disease.
In addition to explaning what
is currently known about the origins
of RNA viruses, the book describes
the mechanisms of RNA virus evo-
lution, RNA virus quasispecies, and
comparative genomics, as well as in-
teresting new concepts, such as phy-
logeography. This term refers to the
spatial movement of a phylogenetic
species, which can be described in
various ways (Holmes lists 5), two of
which are the gravity model and the
strong spatial subdivision model. In
the former, patterns of transmission
are driven by major population centers
before moving out to smaller popula-
tions (influenza virus). In the spatial
subdivision model, no clear evidence
of migration among populations is
presented (hepatitis C virus), and
genomic diversity is partitioned into a
series of clades (types and subtypes).

BOOKS AND MEDIA

Holmes argues persuasively that
research in this area is limited by the
size and detail of genome databases,
combined with relevant epidemiologic
and clinical information, such as pre-
cise geographic location, exact date of
sampling, and transmission dynamics
of the disease. The book is fully ref-
erenced and has a useful index, and
I recommend it to those who have
knowledge of and interest in the mo-
lecular biology of RNA viruses.
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ANOTHER DIMENSION

Sticky Decisions: Peanut Butter in
a Time of Salmonella

Giilbanu Kaptan and Baruch Fischhoff

We present a consumer-focused perspective on creat-
ing communications regarding potentially contami-
nated foods. It is illustrated with decisions that might have
faced US consumers during the 2009 recalls of peanut and
pistachio products. The example shows how knowledge
about test results and regulatory processes might be made
more useful to consumers.

December 12, 2008

A prudent, informed consumer is about to open a jar
of peanut butter. It is one of her favorite foods. Mostly, she
loves the taste, but she also knows it as a cheap, healthy
food—although she is a little fuzzy on those details (1-3).
Like most Americans, she always has peanut butter at
home. Unlike most, though, she always considers the risk
for Salmonella infection, before opening a new jar, then de-
cides whether to eat it, toss it, or wait a month to see if any
problems turn up. She has done some research too. Here is
her reasoning.

If she eats the peanut butter and gets salmonellosis,
then she has to pay for treatment and lose work time. The
US Department of Agriculture (USDA) estimated that an
average case in 2007 cost $1,821 in lost wages and medi-
cal costs (4). She can imagine her case costing less (if her
insurance covers the medical costs and she uses otherwise
“wasted” sick-leave days) or more (if the opposite is true),
but she decides to use $1,821 in her decision making.

If she throws out the peanut butter, she will lose its $3
cost. Getting a refund is such a hassle that it will still feel
like losing $3.

If she waits a month, she will incur the opportunity
cost of the money tied up in the peanut butter. She puts that
at $0.02 (using 8% annual percentage rate).

Now, she just needs to know the probability of sal-
monellosis. If it is greater than 1/607, then she should toss
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the jar, comparing its cost ($3) with that of getting sick
($1,821). If it is greater than 1/91,050, then she should wait
a month, comparing its cost ($0.02) with that for getting
sick ($1,821), assuming that food inspectors find any prob-
lem by then, which makes the risk zero.

But money isn’t everything.

If she throws out the jar, getting another will be a small
hassle. She decides that the $3 covers that. She would feel
bad about wasting the food but also feel good about her
prudence. So, those psychological effects balance out. She
vaguely worries that the same logic will lead her to throw
away the next jar (and the next). That would make her feel
bad.

If she waits a month, then the peanut butter might lose
taste or nutritional value, or somehow “go bad.” However,
she can’t find any good information about those possibili-
ties and decides to ignore them. It is just a month.

Therefore, if she eats from the jar, the only important
nonmonetary consequence is her getting salmonellosis.
She knows that it usually involves an illness of 4-7 days,
with diarrhea, fever, and abdominal cramps, and that most
persons recover without treatment. However, the diarrhea
sometimes calls for hospitalization, and the infection can
spread to the blood. People can die, if not treated promptly
with antimicrobial drugs (5). Even if USDA has not put a
dollar value on suffering, she would pay a lot to avoid it.
She would pay even more if she had, or was making the
decision for someone with, a weak immune system.

If she tosses the jar, then she will face the risk of
driving to the store to get it. She puts that at 1 chance in
100,000 of an accident, and 1 chance in 50 of that crash
being fatal (6).

If she eats from the jar and it contains any Salmonella
bacteria, she will probably consume some of the bacteria,
given how peanut butter is made. She realizes that she can
put an upper boundary on that risk: in 2007, a total of 1
in 6,702 Americans contracted foodborne salmonellosis,
from all sources (7). Given that most Americans eat pea-
nut butter, her chances must be smaller—unless there are
problems.
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That probability is much less than the 1/607 threshold.
Therefore, based on purely economic considerations, there
is no point in tossing the jar, even if she considers the suf-
fering that USDA ignored. That probability is higher than
the 1/91,050 threshold for waiting. But 1/6,702 is such a
conservative estimate and there are so many nonmonetary
reasons not to wait—and the peanut butter looks so good.

She knows the US Food and Drug Administration
(FDA) montiors food safety, and she checks its website for
recall notices (8). No reported problems! So, she opens the
jar and enjoys the great taste of peanut butter.

January 12, 2009

A month later, she buys a new jar. The next day, her
morning web check finds that FDA, the Centers for Dis-
ease Control and Prevention, USDA, and others are inves-
tigating a multistate outbreak of Salmonella enterica sero-
var Typhimurium infection, and peanut butter is the likely
source. FDA is inspecting an unnamed manufacturer and
tracing its distribution channels.

Looking at her new jar, she realizes that only one
thing has changed since her last decision: the probability
of contamination. It must be larger, but by how much?
The announcement says nothing about that probability and
provides no advice. She wonders what that means. Is the
outbreak under control? Are they waiting for authoritative
information? Is it up to the firm to issue a recall?

Without a clear signal, she opens the jar. The peanut
butter tastes as good as ever, but she does not enjoy it as
much. In fact, she is so troubled about what she has just
eaten that she expands her online search beyond her daily
visit to the recall website. She realizes that she can’t undo
her exposure. However, perhaps she can get some reassur-
ance—or faster medical attention, if need be.

The recall website mentions no product names. How-
ever, her Google search (on “peanut butter,” “Salmonella,”
and “multistate outbreak™) shows that, 2 days earlier, King
Nut Company voluntarily recalled peanut butter manufac-
tured by Peanut Corporation of America (PCA) and distrib-
uted under its King Nut and Parnell’s Pride labels. King
Nut says that these brands are only sold wholesale and that
all its other products are safe. Although she eats another
brand, she keeps worrying.

How confident can King Nut be about its other brands?
Are none of the peanuts grown in the same fields, shipped
in the same trucks, processed at the same facilities, or han-
dled by the same employees? Are other companies doing
their own inspections? Can FDA require tests and recalls?
How good, and fast, are the tests? Without answers to these
questions, what has been found does not tell her what might
be found.

Over the next month, she has good news: she does
not get sick. She also has bad news: seeing the outbreak
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reports explode on her daily website checks. Although
she is fine physically, she feels like she has dodged a bul-
let. She cannot understand the 2-day lag between the an-
nouncements by the government and by King Nut, which
she kicks herself for having missed. Had she gotten sick,
would she have found the information that she needed to
get timely treatment?

February 12, 2009

It’s time to buy more peanut butter. However, a lot has
happened during the last month. On January 13, PCA an-
nounced a voluntary recall of 21 lots of peanut butter and
peanut paste produced in its Blakely, Georgia, USA, facil-
ity. By January 27, it had expanded the recall 3 more times.
The next day, PCA recalled all dry- and oil-roasted peanuts
and peanut products processed at Blakely since January 1,
2007. On January 30, FDA confirmed reports of a criminal
investigation of PCA for continuing to ship products af-
ter receiving positive Salmonella test results. Hundreds of
persons are sick; 9 die. The case-fatality rate is about that
of previous outbreaks, which suggests that the strain is not
unusual, although the scope is.

The recall website now provides consumer recommen-
dations and a searchable database, for recalled products.
Her favorite brand is not on the list, so she still believes that
her risk is negligible. She makes her usual monthly pur-
chase, then has a moment of truth when she gets home: she
still does not know how anyone decides which products to
test or what information to share. That 2-day lag still both-
ers her, as does wondering when the criminal investigation
began. She is unhappy about her “no news is good news”
inference, last month, and maybe this one, too.

She is devoted to FDA's websites: however, she also
knows that there are limits to its resources and legal author-
ity. She just doesn’t know what they are. So, she makes
some guesses.

Given the stream of new recalls, she concludes that
FDA waits for strong positive evidence before saying any-
thing. As a result, she can’t tell whether her favorite brand
has been cleared or just not yet tested. Her rule is still to
toss a jar if the risk is over 1/607. The recall list current-
ly has =50 peanut products. There would have to be over
30,350 (50 x 607) peanut products, for the rate to be under
her threshold. She should toss the jar if there is a similar
rate among products that have not been officially cleared.

But what does she know? Maybe she should be wor-
ried that other foods are processed, shipped, or shelved
along with the peanut butter. She knows that life has risks
and she is willing to take reasonable ones. But she hates not
knowing what’s going on.

In the following days, the number of salmonellosis
cases increases, confirming her fears. Still, there is no recall
for the major national brands, including her own. That’s
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good. She just doesn’t know how good without understand-
ing what gets tested and announced.

At least she can eat her second favorite nut product,
pistachios.

March 12, 2009

Her month of watchful waiting has passed. Her morn-
ing website checks have found a continuing but slackening
stream of recall notices and salmonellosis cases. FDA re-
ports conducting more audits and inspections and collabo-
rating with other authorities. It still has found no contami-
nation in major national brands. Although that message has
not changed, she assumes that the supporting evidence is
now stronger. Still, she is unnerved enough not to open her
jar or to buy other peanut products, just in case she has
missed something. She’ll stick with pistachios.

During the month, she had a disquieting experience:
She returned a box of peanut butter granola bars. The mer-
chant refunded her money, no questions asked. However,
she found that the product was still on the shelves, while
her favorite granola bar, with the tiny chocolate chips, was
missing. She guesses that the store was humoring her, by
giving a refund for a safe product, while peanut butter was
a micro ingredient in the chocolate chip bar. The refund
gets her wondering whether food manufacturers are more
careful with products featuring peanut butter, compared to
ones where it is a trace ingredient (or an “industrial chemi-
cal”). She hopes that qualified people worry about these
things. She just wants useful information.

March 31, 2009

Her morning web check reveals the shocking news
that the second-largest US pistachio processor (Setton) has
voluntarily recalled certain lots of roasted nuts. She never
worried about pistachios before. However, if they can be
contaminated, then she faces the same decision as with the
peanut butter. The cost is even the same. To control her pas-
sion for pistachios, she buys small ($3) packages.

She has a harder time figuring out the risks. The an-
nouncement advises that “Consumers should not eat pis-
tachios or food products containing them until they can
determine that the products do not contain pistachios re-
called by Setton.” How can she tell? Are all those prod-
ucts sold under the Setton name? What does it mean that
untested pistachios are suspect, whereas only tested pea-
nuts were? Are the risks that different? Perhaps pistachio
and peanuts are processed differently. Perhaps Setton is
less trustworthy than PCA (criminal investigation not-
withstanding). Perhaps the authorities know more than
they are allowed to reveal. Perhaps the reporting policy
has been changed. If so, how? Are they being hypercau-
tious? Can she then be totally confident about almonds,
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her third favorite nut? Or, are they being so cautious that
everything will soon be suspect? If so, perhaps she should
just eat those pistachios.

April 12, 2009

A month has passed without her favorite brand appear-
ing on the recall list. She is about to open the jar, when
her morning Internet check finds that a company named
Westco/Westcott has “declined” FDA’s request to recall its
products with PCA peanuts and “to provide access to cer-
tain records about the distribution of these products.” In re-
sponse, FDA has asked US Marshals to execute an inspec-
tion warrant (9). She is shaken to learn that FDA cannot
require food recalls. Realizing how little she knows about
FDA'’s authority and resources, she decides to let her poor
jar sit for another month.

What Does She Want?

One morning, she notices a “Contact Us” option at the
recall website. She thinks, “What do I want? I know that
they’re working hard to protect me. But, somehow, I’m not
quite getting the information that I need to protect myself. I
like the notices’ standard format. I know how to find things
on it. I’ve learned to decode most of the jargon. I just don’t
know what it all means in terms of my risks. Maybe if I
grade some of the postings, it will clarify my thinking”:

January 12 (10). Grade: D. Although I learned that
there was an outbreak, possibly related to peanut butter, 1
did not learn anything about what to do, even though the
King Nut recall was already happening. Seeing how com-
plex the peanut production system is, I feel like they must
have suspected that they had not found all the problems.
They could have said, “We recommend not eating peanut
products until we do more testing. Don’t throw them away,
though; they may be fine.” They could also have said that
they cannot force recalls or do all the testing that they want,
so that I would know what they are up against.

January 16 (11). Grade: B. By saying that they could
not say which brands to avoid, they allowed me to make
a better decision. Still, it was unnerving to see such a big
change, over 4 days, without an explanation why.

January 17-19 (12-14). Grade: B+. They recommend-
ed the decision that I would have made on my own, had 1
known what they knew. Still, I was left wondering about the
PCA controversy and what it meant about future surprises.
It would have helped just to hear, “We cannot comment on
the ongoing criminal investigation of PCA.”

After thinking through these dates, she knows what
she wants and thinks that it wouldn’t be too hard to do:

»  Talk to consumers. Find what decisions we face
and what we worry about. [ am cooking for one
person and can afford to wait. Other people can’t.
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»  Tell us what you know—and don’t know. We
would like you to be certain but don’t want to
learn too late about possible problems.

« Tell us if your hands are tied. If we expect you to
do the impossible, then we’ll get mad at you, not
at those who keep you from protecting us.

e Get the information that we need. Do the tests
that will tell us what not to eat. We don’t care that
much about “all clears.”

«  Have some ordinary people read each message
before you post it. If they understand it, then most
everyone will.

Some of what she wants is happening already. For
example, in January 2010, FDA established a new web-
site, FDA Basics, to inform consumers about how FDA
works (31).

Coda

Our hypothetical consumer is unusually, but not im-
plausibly, thoughtful about her food safety decisions (and
her love of peanut butter), given the picture that emerges
from the large research literature on the topic (15,16). Al-
though consumers’ safety behavior is often disappointing,
some of those failures reflect their difficulty understanding
what to do (17-23). Risk communication research often
finds large gaps between what experts say and what con-
sumers hear—and need to hear. Fortunately, research can
close much of that gap, allowing public health officials to
do all that is possible to help people to make wise choices
in an uncertain world (24-31).
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Arts, Stockholm, Sweden

Judith Leyster (1609-1660) Boy Playing the Flute (1630-1635) (detail) Oil on canvas (73 cm x 62 cm) The National Museum of Fine

The Whole Heaven a Musical Scale and a Number

Polyxeni Potter

woman ahead of her times, Judith Leyster was born the

ast child, a prodigy, in the large brood of a cloth maker
and brewer in Haarlem. While still in her teens, she earned
favorable mention in Description and Praise of the City
Haarlem in Poetry, a book by Dutch poet Samuel Ampzing.
She received art training, probably from Frans de Grebber
and may have worked in the studio of well-known portrait
painter Frans Hals. In her early 20s, she was admitted into
the Haarlem painters’ Guild of St. Luke, soon had her own
studio and apprentices, and earned a living as master paint-
er. Her work—mostly portraits and genre scenes filled with
merriment—was influenced by the Utrecht school, the fol-
lowers of Caravaggio, who adopted the Italian master’s use
of chiaroscuro. Despite her accomplishments and a measure
of fame during her lifetime, Leyster was forgotten after her
death at age 50, many of her works mistakenly attributed
to other artists. She was rediscovered toward the end of the
19th century. Few of her paintings have survived.

Leyster was innovative, not only in her range of sub-
jects, which was broader than that of her contemporaries,
but also in her interpretation of genre. Beyond the usual
tavern scenes popular with the buying public, she favored
women at home, not a usual theme in Holland until the
1650s. Her view of Dutch domesticity was informal and
engaging, subtle and intimate; her use of light and shadow
dramatic. Her subjects displayed emotion, liveliness, and a
confidence and flair that extended to the distinctive mono-
gram of her signature, the letter “J”” capped with a star (lode
star or lead star)—a playful reference to her last name.

Author affiliation: Centers for Disease Control and Prevention, At-
lanta, Georgia, USA

DOI: 10.3201/eid1605.000000
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Genre scenes provide a thorough look into all aspects
of the 17th century; music for one, which was ubiquitous in
both life and art. Since no recordings were available, music
was often spontaneous and always live in homes, taverns,
or the outdoors. Scenes containing dance or other amuse-
ments always featured musicians and their instruments.
Music was woven into the fabric of society and lent itself
comfortably to teaching moral ideals so vital to the prevail-
ing Calvinism: “As the old have sung so pipe the young.”
Musical instruments were common too in artists’ studios.
Painters struggling to raise the social rank of their profes-
sion above craft used them to show their understanding of
music and solidify their connection with the liberal arts.

Music’s power to inspire and animate originated in an-
tiquity with the writings of Pythagoras, who discovered the
physical relationship, expressible in ratios, between mass
and sound. “[The Pythagoreans] saw that the ... ratios of
musical scales were expressible in numbers [and that] ...
all things seemed to be modeled on numbers, and num-
bers seemed to be the first things in the whole of nature,
[they] supposed the elements of number to be the elements
of all things, and the whole heaven to be a musical scale
and a number.” Accordingly, the distances between plan-
ets would have the same ratios as produced harmonious
sounds in a plucked string. The stars and planets, rotating
en masse, would produce cosmic harmonies, termed music
of the spheres, not accessible to the human ear.

Artists, perhaps intrigued by this celestial connection,
have often painted musicians with their eyes lifted upward
as a sign of spirituality. Instruments were often used as sym-
bols: strings associated with Pythagorean harmony, wind
instruments the province of shepherds and peasants. One
of the most musical of her artistic contemporaries, Leyster
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showed her love of instruments and their sounds in many
of her works. She painted them with virtuosity within the
recurring theme of music, though she took liberties with the
usual classification, marrying such antipodes as the violin
and recorder or linking inspiration with the flute.

In Boy Playing the Flute, on this months’ cover, she
expertly painted several instruments, along with the perfor-
mance of a young musician. Balance and harmony in the
scene are achieved not by the single figure alone playing
the transverse flute but by an ensemble, two of the instru-
ments hanging prominently on the wall beside him, a violin
and a recorder. The violin, with its elongated sound holes
and exaggerated points, bow threaded behind the strings
and no chin rest, seems a fine period specimen, as does the
recorder, with its strikingly long windway and smoothly
convex foot. The recorder was signed, according to con-
vention, near the mouthpiece by its maker, Leyster. The in-
strument held reverently by the boy is a Renaissance flute
cross-blown and stretched diagonally across the painting.
Hues of carob and honey in the clothing and instruments
radiate warmth on to the pock-marked wall.

The boy sits awkwardly gazing toward the light. Like
all children of this period, he is dressed with the sobriety
and modesty of a small adult in velvet coat, linen collar, and
a deep red hat, the only relief in the drab attire. His sleeve
has been discreetly darned at the elbow, and the chair has
seen better days, its painted post discolored and back slat
broken, causing him to slouch. Declining affluence aside,
this boy is in comfortable enough circumstances. He seems
focused on the task, rapt even, as he pushes air through
the mouth and manipulates it with slender sensitive fingers
to make music. His face, framed between the red hat and
white ruff collar is a beacon. His earnest expression belies
the wind instrument’s lowly associations.

During this its golden age, Holland’s children were not
much better off than most of their other European counter-
parts, even though progress was made in some areas that
affected their survival. The age saw a rebirth of medicine,
and for the first time since Hippocrates, clinical observa-
tions became important. Influenza, chorea, scarlet fever,
scrofula, and pertussis were recognized diagnoses, even
though we now know they are not all specific diseases.
Franciscus Sylvius, Dutch physician and scientist, identi-
fied characteristic changes in the lungs caused by consump-
tion, rampant at the time.

Yet childhood was hardly celebrated as a stage of life,
marred as it often was by poverty, social inequity, and
high death rates, especially from infectious diseases. Chil-
dren were viewed as unfinished creatures to be raised into
adults. Parenthood was a public virtue, and a basic educa-
tion, including private music-making for devotional or rec-
reational purposes, was thought good for moral develop-
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ment. Nonetheless, by age 10, most boys were transferred
to a master to learn a trade, and poor or orphaned children
had already entered the labor force.

Leyster and some of her contemporaries portrayed chil-
dren sympathetically, allowing them expressions and emo-
tions, music and art, at a time when many of them did not
survive their early years. The child in Boy Playing the Flute
has fallen on hard times. He is teetering between poverty
and comfortable domesticity. Though he still has a home
with a violin hanging on the wall, there is no music master
in the room. He is going it alone. But “You sing what you
hear,” and he hears the harmony above.

While this young musician navigates changing for-
tunes, he still has an advantage over many of his contem-
poraries. He is healthy, having so far escaped the scourges
of his times, though impending poverty undoubtedly puts
him at risk. Pneumonia, diphtheria, diarrheal diseases, tu-
berculosis, and streptococcal infections were major causes
of childhood illness and death, as they still are in much of
the world. Some, among them respiratory infections that
might have cut the youth’s flute career short, are now under
control because of expansive vaccination programs, includ-
ing in today’s Netherlands.

But while a young boy might tab into the music of the
spheres for inspiration and survival, those who try to break
the axiomatic connection between wealth, poverty, health,
and illness can only rely on programs aimed at the great
killers of children. Persistent and unrelenting disharmony,
caused by diseases upon diseases emerging and reemerging
amidst endless complicating factors, interferes in public
health with their orderly conquest, one by one, in any kind
of anticipated pattern or ratio on a cosmic scale.
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Increased Prevalence of Trichinella spp., Northeastern
Germany

Increase of PI-2 Pili in Streptococcus pneumoniae
Rift Valley Fever, Madagascar, 2008—2009

Evolutionary Histories of Borrelia burgdorferi, Northeastern
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Oseltamivir-Resistant Influenza Viruses during 2007—2009
Influenza Seasons, Japan

Novel Norovirus Associated with Diarrhea in Dogs
Causes of Infection after Earthquake, China, 2008

Dengue Virus 3 Genotype | in Aedes aegypti Mosquitoes and
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Human Respiratory Enterovirus Genotype EV-104, Italy
Pandemic (H1N1) 2009, Shanghai, China, May—July 2009

Transfer of Plasmid Encoding Klebsiella pneumoniae
Carbapenemase 3 to Escherichia coli

Pneumovirus Isolated from Dogs with Acute Respiratory
Disease

Genetic Evidence of Tacaribe Serocomplex Virus, Mexico

Pulsed-Field Gel Electrophoresis in Surveillance of
Salmonella Infection, Texas

Identification of Betaherpesvirus in Bats
Vaccinia Virus Infection in Monkeys, Brazilian Amazon
Whence Feral Vaccinia?

Atypical Chikungunya Virus Infection in Immunocompromised
Patients

Complete list of articles in the May issue at
http://www.cdc.gov/eid/upcoming.htm

Upcoming Infectious
Disease Activities

May 20-22, 2010

VIII International Conference on HFRS,
HPS and Hantaviruses

Athens, Greece
http://www.hantavirusconference
2010.gr

June 7-8, 2010

Research Advances in Malaria: Biology
of Mosquito Vectors

Johns Hopkins Bloomberg School of
Public Health

Baltimore, MD, USA
http://malaria.jhsph.edu/events
/2010/vector_biology/index.html

June 8-11, 2010

Asia Infectious Diseases Forum 2010
(Part of World Vaccine Congress Asia
2010)

Grand Hyatt, Singapore
http://www.terrapinn.com
/2010/infectious

July 11-14, 2010

International Conference on Emerging
Infectious Diseases 2010

Hyatt Regency Atlanta

Atlanta, GA, USA
http://www.iceid.org

August 28—-September 1, 2010
Infectious Disease 2010 Board Review
Course — 15th Annual Comprehensive
Review for Board Preparation

Hyatt Regency Crystal City

Arlington, VA, USA
http://www.IDBoardReview.com

November 11-13, 2010

European Scientific Conference on Ap-
plied Infectious Disease Epidemiology
(ESCAIDE)

Lisbon, Portugal
http://www.escaide.eu

Announcements

To submit an announcement, send an email message
to EIDEditor (eideditor@cdc.gov). In 50-150 words,
describe timely events of interest to our readers. In-
clude the date of the event, the location, the sponsoring
organization(s), and a website that readers may visit or
a telephone number or email address that readers may
contact for more information.

Announcements may be posted on the journal Web
page only, depending on the event date.
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please go to www.medscapecme.com/journal/eid. Credit cannot be obtained for tests completed on paper, although you
may use the worksheet below to keep a record of your answers. You must be a registered user on Medscape.com. If you
are not registered on Medscape.com, please click on the New Users: Free Registration link on the left hand side of the
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Article Title
Tropheryma whipplei in Children with Gastroenteritis
CME Questions

1. Which of the following statements about the 3. Which of the following statements about laboratory
epidemiology of Tropheryma whipplei gastroenteritis test results in children with T. whipplei gastroenteritis
in the study cohort is most accurate? is most accurate?
A. 15% of children with gastroenteritis have positive A. One genotype of T. whipplei was associated with all
testing for T. whipplei cases
B. The infection rate with T. whipplei increased gradually =~ B. Co-infection with other pathogens was more common
from 2006 to 2008 in patients with T. whipplei gastroenteritis compared
C. Infection with T. whipplei was most common during the with other children with diarrhea
winter months C. There was no difference in the rate of seropositivity for
D. There were significant rates of positive T. whipplei T. whipplei in comparing cases and controls
testing in children without diarrhea D. Co-infection with other pathogens was limited to

children with higher bacterial loads of T. whipplei
2. Which of the following statements about the
bacterial loads of children with positive testing for 4. The following are clinical features of T. whipplei
T. whippleiis most accurate? gastroenteritis compared with other infectious
diarrhea, except:
A. Bacterial loads were undetectable or low in the

majority of children A. Shorter duration of hospitalization
B. Bacterial loads were lower than that of chronic carriers  B. Shorter duration of fever
C. Bacterial loads were comparable to those of C. Less anorexia

individuals with Whipple's disease D. Smaller degrees of weight loss
D. Bacterial loads generally remained elevated after the

resolution of diarrhea
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2. The material was organized clearly for learning to occur.
Strongly Disagree Strongly Agree
1 2 3 4 5
3. The content learned from this activity will impact my practice.
Strongly Disagree Strongly Agree
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4. The activity was presented objectively and free of commercial bias.
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1 2 3 4 5
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What are “emerging” infectious diseases?

Infectious discases whose incidence in humans has increased in the past 2 decades or threatens to increase in
the near future have been defined as “emerging.” These diseases. which respect no national boundaries, include

New infections resulting from changes or evolution of existing organisms.

Known infections spreading to new geographic areas or populations.

Previously unrecognized infections appearing in areas undergoing ecologic transformation.

Old infections reemerging as a result of antimicrobial resistance in known agents or breakdowns in
public health measures.

* X % %

Why an “Emerging” Infectious Diseases journal?

The Centers for Disease Control and Prevention (CDC). the agency of the U.S. Public Health Service charged
with disease prevention and health promotion. leads efforts against emerging infections, from AIDS, hantavirus
pulmonary syndrome, and avian flu. to tuberculosis and West Nile virus infection. CDC’s efforts encompass
improvements in disease surveillance. the public health infrastructure, and epidemiologic and laboratory
training.

Emerging Infectious Diseases represents the scientific communications component of CDC’s efforts against
the threat of emerging infections. However, even as it addresses CDC’s interest in the elusive. continuous,
evolving, and global nature of these infections, the journal relies on a broad international authorship base and is
rigorously peer-reviewed by independent reviewers from all over the world.

What are the goals of Emerging Infectious Diseases?

1) Recognition of new and reemerging infections and understanding of factors involved in disease emergence.
prevention. and elimination. Toward this end, the journal

* Investigates factors known to influence emergence: microbial adaptation and change. human
demographics and behavior, technology and industry. economic development and land use, international
travel and commerce. and the breakdown of public health measures.

* Reports laboratory and epidemiologic findings within a broader public health perspective.

*  Provides swift updates of infectious disease trends and research: new methods of detecting.
characterizing. or subtyping pathogens: developments in antimicrobial drugs. vaccines. and prevention
or climination programs: case reports.

2) Fast and broad dissemination of reliable information on emerging infectious diseases. Toward this end. the
journal

*  Publishes reports of interest to researchers in infectious discases and related sciences. as well as to public
health generalists learning the scientific basis for prevention programs.

*  Encourages insightful analysis and commentary. stimulating global interest in and discussion of
emerging infectious disease issues.

*  Harnesses electronic technology to expedite and enhance global dissemination of emerging infectious
disease information.
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Emerging Infectious DiseasesSisa peer-reviewed journal established expressly to promote the recognition of new and
reemerging infectious diseases around the world and improve the understanding of factors involved in disease emergence, prevention, and elimination.

The journal is intended for professionals in infectious diseases and related sciences. We welcome contributions from infectious disease specialists in
academia, industry, clinical practice, and public health, as well as from specialists in economics, social sciences, and other disciplines. Manuscripts in all
categories should explain the contents in public health terms. For information on manuscript categories and suitability of proposed articles see below and
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Emerging Infectious Diseases is published in English. To expedite publication, we post articles online ahead of print. Partial translations of the journal
are available in Japanese (print only), Chinese, French, and Spanish (www.cdc. gov/ncidod/ElD/trans.htm).
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stract, text, acknowledgments, biographical sketch, references, tables, figure
legends, appendixes, and figures. Each figure should be in a separate file.
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graduate degree(s), affiliation, and the name of the institution in which the
work was done). Clearly identify the corresponding author and provide that
author’s mailing address (include phone number, fax number, and email ad-
dress). Include separate word counts for abstract and text.

Keywords. Include up to 10 keywords; use terms listed in Medical Subject
Headings Index Medicus.

Text. Double-space everything, including the title page, abstract, refer-
ences, tables, and figure legends. Indent paragraphs; leave no extra space
between paragraphs. After a period, leave only one space before beginning
the next sentence. Use 12-point Times New Roman font and format with
ragged right margins (left align). Italicize (rather than underline) scientific
names when needed.
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thor—both authors if only two. Include affiliations and the author’s primary
research interests.

References. Follow Uniform Requirements (www.icmje.org/index.html).
Do not use endnotes for references. Place reference numbers in parenthe-
ses, not superscripts. Number citations in order of appearance (including in
text, figures, and tables). Cite personal communications, unpublished data,
and manuscripts in preparation or submitted for publication in parentheses in
text. Consult List of Journals Indexed in Index Medicus for accepted journal
abbreviations; if a journal is not listed, spell out the journal title. List the first
six authors followed by “et al.” Do not cite references in the abstract.

Tables. Provide tables within the manuscript file, not as separate files. Use
the MS Word table tool, no columns, tabs, spaces, or other programs. Footnote
any use of boldface. Tables should be no wider than 17 cm. Condense or di-
vide larger tables. Extensive tables may be made available online only.

Figures. Provide figures as separate files, not embedded in MS Word.
Use Arial font for text content. Place keys within figure area. Provide foot-
notes and other information (e.g., source/copyright data, explanation of bold-
face) in figure legend. Submit figures with text content in native, editable, PC
file formats (e.g., MS Excel/PowerPoint). Submit image files (e.g., electro-
micrographs) without text content as high-resolution (300 dpi/ppi minimum)
TIFF or JPG files. Submit separate files for multiple figure panels (e.g., A, B,
C). EPS files are admissible but should be saved with fonts embedded (not
converted to lines). No PNG or BMP files are admissible. For additional guid-
ance, contact fue7@cdc.gov or 404-639-1250.

MANUSCRIPT SuBMissION. Include a cover letter indicating the proposed
category of the article (e.g., Research, Dispatch) and verifying that the final
manuscript has been seen and approved by all authors. Complete provided
Authors Checklist. To submit a manuscript, access Manuscript Central from
the Emerging Infectious Diseases web page (www.cdc.gov/eid).

Types of Articles

Perspectives. Articles should be under 3,500 words and should include
references, not to exceed 40. Use of subheadings in the main body of the
text is recommended. Photographs and illustrations are encouraged. Pro-
vide a short abstract (150 words), a one-sentence summary of the conclu-
sions, and a brief biographical sketch. Articles in this section should provide
insightful analysis and commentary about new and reemerging infectious
diseases and related issues. Perspectives may also address factors known
to influence the emergence of diseases, including microbial adaptation and
change, human demographics and behavior, technology and industry, eco-
nomic development and land use, international travel and commerce, and
the breakdown of public health measures. If detailed methods are included,
a separate section on experimental procedures should immediately follow
the body of the text.

Synopses. Articles should be under 3,500 words and should include ref-
erences, not to exceed 40. Use of subheadings in the main body of the text
is recommended. Photographs and illustrations are encouraged. Provide a
short abstract (150 words), a one-sentence summary of the conclusions,
and a brief biographical sketch. This section comprises concise reviews of
infectious diseases or closely related topics. Preference is given to reviews
of new and emerging diseases; however, timely updates of other diseases or
topics are also welcome. If detailed methods are included, a separate section
on experimental procedures should immediately follow the body of the text.

Research Studies. Articles should be under 3,500 words and should in-
clude references, not to exceed 40. Use of subheadings in the main body
of the text is recommended. Photographs and illustrations are encouraged.
Provide a short abstract (150 words), a one-sentence summary, and a brief
biographical sketch. Report laboratory and epidemiologic results within a
public health perspective. Explain the value of the research in public health
terms and place the findings in a larger perspective (i.e., “Here is what we
found, and here is what the findings mean”).

Policy and Historical Reviews. Articles should be under 3,500 words
and should include references, not to exceed 40. Use of subheadings in the
main body of the text is recommended. Photographs and illustrations are
encouraged. Provide a short abstract (150 words), a one-sentence summary
of the conclusions, and a brief biographical sketch. Articles in this section
include public health policy or historical reports that are based on research
and analysis of emerging disease issues.

Dispatches. Articles should be no more than 1,200 words and need not
be divided into sections. If subheadings are used, they should be general,
e.g., “The Study” and “Conclusions.” Provide a brief abstract (50 words); ref-
erences (not to exceed 15); figures or illustrations (not to exceed 2); tables
(not to exceed 2); and a brief biographical sketch. Dispatches are updates
on infectious disease trends and research. The articles include descriptions
of new methods for detecting, characterizing, or subtyping new or reemerg-
ing pathogens. Developments in antimicrobial drugs, vaccines, or infectious
disease prevention or elimination programs are appropriate. Case reports
are also welcome.

Commentaries. Thoughtful discussions (500-1,000 words) of current
topics. Commentaries may contain references but no figures or tables.

Another Dimension. Thoughtful essays, short stories, or poems on philo-
sophical issues related to science, medical practice, and human health. Top-
ics may include science and the human condition, the unanticipated side of
epidemic investigations, or how people perceive and cope with infection and
illness. This section is intended to evoke compassion for human suffering
and to expand the science reader’s literary scope. Manuscripts are selected
for publication as much for their content (the experiences they describe) as
for their literary merit.

Letters. Letters commenting on recent articles as well as letters reporting
cases, outbreaks, or original research are welcome. Letters commenting on
articles should contain no more than 300 words and 5 references; they are
more likely to be published if submitted within 4 weeks of the original article’s
publication. Letters reporting cases, outbreaks, or original research should
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Books, Other Media. Reviews (250-500 words) of new books or other
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